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The invention relates to novel 7-azabicyclo-substituted quinolone carboxyiic acids, pharmaceutical compositions 
containing such compounds and methods of treatment with such compounds. 

U.S. Patent 4,571,396 discloses diazabicyclo-substituted naphthyridine-, quinoline- and benzoxazinecarboxylic 
acids having antibacterial activity. European Patent Publication No. 215650 discloses similar antibacterial diazabicyclo- 
subslituted compounds. 

The invention provides antibacterial compounds having the formula 



15 




Y 



or a pharmaceutically acceptable acid addition salt thereof, wherein 

R 1 is hydrogen, a pharmaceutically acceptable cation, or (C r C 6 ) alkyl; 

Y when taken independently, is ethyl, t-butyl, vinyl, cyclopropyl, 2-fluoroethyl, p-fluorophenyl, or o,p~drfluorophe- 

nyi; 

25 W is hydrogen, F. CI, Br, d-C 4 alkyl. d-C 4 alkoxy, NH 2 , NHCH 3 ; 

A is CH, CF, CCI, COCH3, C-CH 3 , C-CN or N; or 

A is carbon and is taken together with Y and the carbon and nitrogen to which A and Y are attached to form a 
live or six membered ring which may contain oxygen or a double bond, and which may have attached thereto R 8 which 
is methyl; and 
30 R 2 is 



35 




wherein R 3 , R 4 , R 5 . R 6 , R 7 , R 9 and R 25 are each independently H, CH 3 , CH 2 NH 2 , CH2NHCH3 or CHgNHC^Hs, and R 5 , 
R 6 7 aT f R9 m % ^° inde P endent, y be NH 2. NH CH3 or NHC 2 H 5 , provided that not more than three of R 3 , R 4 , R 5 , 
R , R , R and R are other than hydrogen, and if three of these substituems are not hydrogen, at least one of them 
is methyl; or wherein R 1 is H or a pharmaceutically acceptable cation, Y is O,p-difluorophenyl, W is H, A is N and R 2 is 



H 2 N-<^V 



and prodrugs of those compounds of formula I having a free amino group. 

Preferred compounds of the invention are those of formula I therein R 1 is hydrogen or a pharmaceutically accept- 
able cation such as sodium or potassium, and hydrates thereof. Other preferred compounds are the p-tduene-sul- 
55 fonate, methanesulfonate and hydrochloride safts of the compounds of formula I. 

Other preferred compounds are those wherein A is CH or N, or A is carbon and is taken together with Y and the 
carbon and nitrogen to which A and Y are attached to form a six membered ring as follows: 
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10 More preferably, A is CH or N, and most preferably, A is N. More specific compounds are those wherein one or 

two of R 3 , R 4 , R 5 , R 6 , R 7 , R 9 and R 25 are other than hydrogen. Further jmore specific compounds are those wherein 
one of R 3 , R 4 . R 5 , R 8 or R 7 . is ChfeNI^ or CHgNHCHg. and. optionally, another of R 3 , R 4 , R 5 . R 6 . R 7 or R 9 . is methyl; 
or those wherein one of R 5 , R 6 , R 7 or R 9 is NH 2 or NHCH 3 and, optionally, another of R 5 , R 6 , R 7 or R 9 or one of R 3 and 
R 4 is methyl rather than hydrogen. Preferred are those wherein R 6 , R 7 , or R 9 is amino and, optionally one of R 3 , R 4 , R 5 , 

is R 6 . R 7 or R 9 is methyl, and more preferred R 7 is amino and, optionally, one of R 3 , R 4 , R 5 , R 6 , R 7 and R 9 is methyl. In 
the most preferred compounds R 7 is amino and R 3 , R 4 , R 5 , R 6 , R 7 and R 9 are each hydrogen. 

Other preferred compounds are those of formula I wherein Y is cyclopropyl or o.p-difluorophenyl, and those 
wherein W is hydrogen. 

Specific compounds of the invention are 

20 7-([1a,6a,7«]-7-amino-3-a2abicyclo[4. 1 .0]hept-3-yl)-6-fluoro-1 -(2,4-difluoropheny1)-1 ,4-dihydro-4-oxo-1 ,8-naphthyrid- 
ine-3-carboxylic acid, 

7-([ta.6a,7a]-7-amino-3-azabicyclo[4.1 .G]hept-3-yl)-1-cyclopropyl-^fluoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-car- 
boxylic acid, 

7-(1-amino-3-azabicydc>[4.1.0]hept-3-^^ acid, 
25 7-[(1a,5a,6a)-6-amino-3-azabicyclot3.1 .Olhex-3-yl]-6-fluoro-1-(Z,4-difluorophenyl)-1 p 4-dihydro-4-oxo-l ,8-naphthyrid- 
ine-3-carboxyiic acid, 
7-[(1a,5a,6a^6-amino-3-azabicycio[3J^ 
ine-3-carboxylic acid, hydrate, 

7-([1a,5a.6a]-6-amino-3-azabicyclo[3. 1 .0]hex-3-yl)-6-fluoro-1 -(2.4-dif luorophenyl)-1 ,4-dihydro-4-oxo-1 ,8-naphthyrid- 
30 ine-3-carboxyiic acid, hydrochloride salt methanesulfonic acid salt, 
7-([1a,5a.6p]-6-amino-3-azabicydo[3.1.0]hex-3^^ 
ine-3-carboxylic acid, and 

The compounds of formula I of the invention wherein R 3 , R 4 R 5 , R 7 , and R 25 are other than hydrogen can bear 
these substituents in either of two steric configurations relative to the cyclopropyl group in R 2 . The compounds of for- 

35 mula I of the invention include the racemic mixtures and the optical isomers of all of these configurations. 

The invention includes prodrugs of compounds of the formula I having free amino groups. Prodrugs are understood 
to comprise an amino acid residue, or a polypeptide chain of two or more amino acid residues which are covalently 
joined through peptide bonds. The amino acid residues of use include the 20 naturally occurring amino acids desig- 
nated by three letter symbols, 4-hydroxyproline, hydroxylysine, demosine, isodemosine, 3-methylhistidine, norvalin, 

40 beta-alamine, gamma-aminobutyric acid, citrulline homocysteine, homoserine, ornithine and methionine sulfbne. Pre- 
ferred amino acid residues are those with a non-polar group such as Ala, Val, Nval, Leu, Met, Gy, Pro, Phe, or a basic 
polar group such as Lys. 

The invention includes a pharmaceutical composition comprising a pharmaceutical^ acceptable carrier or diluent 
and a compound of the formula I in an antibacterially effective amount 
46 The invention further includes a method of treating a host, such as an animal or a human being, having a bacterial 
infection comprising administering to the host an antibacterially effective amount of a compound of the formula I, or a 
pharmaceutical composition as defined above. 

The invention also includes intermediates of use in the preparation of a compound of the formula I. Exemplary inter- 
mediates have the formula 
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20 



25 



wherein Y 2 is hydrogen, benzyl, or benzyloxycarbonyl, and 

R 15 is carboxyi, hydroxymethyrt, CHO, CH 2 NR"R« or NR 11 R 1 2 wherein R« is hydrogen, methyl, or ethyl, and 

,s Mrogen, (Vd acyl, Cg-Cg alkoxycarbonyl, optionally substituted benzyloxycarbonyl, aryloxycarbortyi siM 
tntyl, tetrahydropyranyl, vinyloxycarbonyl, o-nitrophenylsultonyl, diphenylphosphonyl, p-toluenesulfonyl, or benzyl. 

Other intermediates of use in preparing compounds I are evident from the description below, particularly the sec- 
tions numbered by Roman numerals. 

The term "C r C 6 alkyi", used in the definition of R 1 , denotes saturated monovalent straight or branched aliphatic 
hydrocarbon radicals having one to six carbon atoms, such as methyl, ethyl, propyl, isopropyl, t-butyl, etc. 

When A is carbon and is taken together with Y and the carbon and nitrogen to which A and Y respectively, are 
attached to form a five membered ring or a six membered ring, the compounds of formula I in one specific embodiment 
have the following formula: 
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wherein Z is CH^ O or a covalent bond, and D is CH 2 , CHCH 3 or 0=0^, and D may be CH=CH when Z is a covalent 
bond. 

The compounds (I) of the invention may be prepared by reacting a compound of the formula 



45 



50 



55 




. ♦ .II 



with a compound of the formula R 2 H wherein R 1 , R 2 , A, W and Y are as defined above in connection with formula I 
except that R z includes within the definitions of R 3 , R*, R 5 , R 6 , R 7 and R 9 . the N-protected groups of NH;,, CHgNHg! 
NHCH 3 , CH 2 NHCH3, NHC2H5. and CH2NHC2H5, and X is a leaving group such asfluoro, chloro, bromo or C r C 3 alkyl- 
suffbnyl. Nitrogen protecting groups are known in the art. Examples of suitable nitrogen protecting groups are d-Cg 
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acyl, C2-C 6 alkoxycarbonyl optionally substituted benzyloxycarbonyl, aryloxycarbonyl, silyl, trityi, tetrahydropyranyi, 
vinyloxycarbonyi, O-nrtrophenylsulfonyl, diphenylphosphinyl, p-toluenesulfonyl, and benzyl. The nitrogen protecting 
group is removed by methods known in the art such as hydrogenation or hydrolysis. 

The reaction may be conducted with or without a solvent. The solvent, when used, must be inert under the reaction 
5 conditions. Suitable solvents are acetonitrile, tetrahydrofuran, ethanol, chloroform, dimethylsurfoxide, dimethylforma- 
mide, pyridine, water, or mixtures thereof. 

The reaction temperature usually ranges from about 20°C to about 1 50°C. 

The reaction may advantageously be carried out in the presence of an acid acceptor such as an inorganic or 
organic base, e.g. an alkali metal or alkaline earth metal carbonate or bicarbonate, or a tertiary amine, e.g. triethyl- 
10 amine, pyridine or picoline. 

When R 1 is C r C 6 alkyl. conversion to the corresponding acid maybe carried out under acidic or basic conditions 
conventional for hydrolysis of carboxyiic acid esters, at about 20° to 150°C. 

The starting materials of formula II are known in the art, e.g. as disclosed in U.S. Patents 4,571 ,396 and 4,775,668. 
The starting materials ol formula R 2 H have the following formulae 

15 



20 



25 




30 wherein R 3 , R 4 , R 5 , R 6 , R 7 , R 9 , R 10 and R 25 are as defined above in connection with a compound of the formula R 2 H. 
Specific examples of such and similar starting materials are the following compounds: 
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wherein R 3 , Ft 4 , R 5 , R 6 , R 7 , R 9 . and R 25 are as defined above, excepl hydrogen, and R 10 is as defined as tor R 5 . 

The preparation of representative foregoing compounds I to XXI is discussed below wherein each section is 
referred to by the formula of the compounds prepared. 

3-AzabicvcloT3.1 Olhexane W 

3-Azabicyclop.1.0]hexane may be prepared by the method of D. A. Wood et al. European Patent Publication 
001 0799 from 1 ,2-cyclopropanedicarboxylic acid. 

2-R 3 -Subs1 ituled 3-Azabicycfo[3.1.0]hexanes (VI) 

2-Cyano-3-azabicyclo[3.1.0]hexane can be prepared by the method of D. A. Wood et al. EP 0010799. Protection 
of the ring nitrogen, for instance by a benzyl group, then provides 3-benzyl-2-cyano-3-azabicyclo[3.1 .0]hexana Reduc- 
tion of the nitrile with lithium aluminum hydride gives a compound of the formula VI wherein R 3 is CH2NH2 and the 3-N 
is benzylated. This compound, and all subsequently described amino-substHuted azabicyclo[3.1 .OJhexyl systems, may 
be advantageously protected, for instance with an alkoxycarbonyl group such as tert-butoxy-carbonyl, or a carboxylic 
acid group such as formyl or acetyl, and subsequently debenzylated yja hydrogenation to provide the protected 2-ami- 
nomethyl-3-azab*cyclo[3.1.0]hexane. After coupling of this debenzylated diamine to a quinolone or naphthyridine 
nucleus by reaction with a compound of the formula II, the amino-protecting group such as the tert-butoxy-carbonyl or 
acetyl group can be removed by exposure to acidic conditions. 

Alternatively, the diamine 2-aminomethyl-3-benzyl-3-azabicyclo[3.1.0]hexane can be formylated or acetylated by 
heating to reflux with ethyl formate, according to the procedure of Moffat et al.. J. Qig. Chem .. 27, 4058 (1962), or acetyl 
chloride. These amides can then be reduced to the corresponding amines with lithium aluminum hydride, to provide a 
compound of the formula VI wherein R 3 is Cl-yMHCh^ or CH 2 NHC 2 H 5 . This compound may be protected, as in the 
case of the conversion of the above diamine 2-aminomethyl-3-benzyI-3-azabicyclo[3.l.0]hexane to 2-[(N-acetyl)ami- 
nomethyl] or 2-[(N-tert-butoxyrarbony0aminome then debenzylated and 

appended to the quinolone or naphthyridine nucleus by reaction with a compound of the formula II. 

For the case wherein R 3 is CH 3 , the above nitrile 3-benzyl-2-cyano-3-azabicyclo[3. 1 .0]hexane can be hydrolyzed 
under acidic or basic conditions to the corresponding carboxylic acid, and reduced with lithium aluminum hydride to the 
alcohol 3-benzyl-2-hydroxymethyt-3-azabicyclo[3. 1 .0]hexana Formation of the tosylate followed again by lithium alumi- 
num hydride reduction provides the 2-methyl congener 3-benzyl-2-methyl-3-azabicydo[3.1.0]hexane, which can be 
debenzylated as above. 

1-R 6 -Sijbstituted-3-azabicyclo[3.1.0]hfixanes (VII) 

These compounds can be prepared from the nitrile 3-benzyH-cyano-3-azabicydo[3.1.0]hexane, whose prepara- 
tion is reported by Achini and Oppolzer, Tetrahedron Letters. 1975, 369. Alternatively, the nitrile may be synthesized 
from 3-[(benzyQ(2,3-<ihydroxypropyl)am^ yja bismesylation, followed by double ring closure with 

sodium hexamethyldisilazide. Transformation of the nitrile functionality of 3-benzyl-1-cyano-3-azabicyclo[3.1.0]hexane 
into CH 3 , CH 2 NH2, CHgNHCHg or CH2NHC2H5 can be carried out as in section VI above. 

Hydrolysis of 3-benzyl-1-cyano-3-azabicyclo[3.1.0]hexane to 3-benzyl-3-azabicyclop.1.0]hexane-1 -carboxylic 
acid can be carried out under basic conditions. Subsequent reaction with dphenylphosphoryl azide in t-butanol, using 
the procedure reported by Ninomiya et al.. Tetrahedron 1974, 2& 2151, provides the protected amine 3-benzyl-1-tert- 
butoxycarbonylamino-3-azabicyclo[3. 1 .0]hexane. Debenzylation as above yields an amine which can be coupled to the 
quinolone or naphthyridine nucleus by reaction with a compound of the formula II; acidic removal of the tert-butoxycar- 
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bonyl group provides the final product with an amino group as the 1-substituent in the 3-azabicyclo[3.1.0]hexane side 
chain. 

Removal of the tert-butoxycarbonyl group from the protected amine to give l-amino-3-benzyl-3-azabicy- 
cto[3. 1 .0]hexane can be followed by acetylation or formyiation and lithium aluminum hydride reduction as above to pro- 
vide a compound of the formula VII wherein R 6 is NHCH 3 or NHC2H5. This can be further processed as in Section VI 
to provide the final product bearing a methylamine or ethylamine at C-1 of the 3-azabicyclo[3.1 .0]hexane side chain. 

Alternatively, 3-benzyl-1 -tert-butco(ycarbonylarnino-3-a2abicyclo[3.1.0]hexane can be N-alkylated by treatment with 
sodium hydride and methyl or ethyl iodide. The resulting diprotected N-alkyl compound can be debenzylated and proc- 
essed as in Section VI. 

6-R 7 -Substituted-3-azabicyclo[3.1 .Olhexanes (VIII) 

Addition of ethyl diazoacetate to N-benzylmaleimide generates a pyrazoline which upon thermolysis provides 3- 
ber^yl-3-azabjcydo[3.1.0]hexane-2,4Klione-6-carboxylic acid ethyl ester. Reduction with lithium aluminum hydride 
gives 3-benzyl-^ydroxyrnethyl-3-azabicyclo[3.1.0]hexane; Swern oxidation followed by oxime formation and lithium 
aluminum hydride reduction then produces the primary amine, which can be protected or treated as above to give a 
compound of formula VIII wherein R 7 is CH 2 NHCH 3 or CH2NHCH2CH3. 

Alternatively, 3-benzyl-6-hydroxymethyl-3-azabicyclot3.1 .0]hexane can be treated as in Section VI to provide the 6- 
methyl derivative. To prepare compounds with a 6-amino group, hydrogenolytic removal of the benzyl group from 34Den- 
zyi-6-hydroxymethyl-3-azabicyclo[3.1.0]hexane is followed by introduction of a benzyloxycarbonyl group; Jones oxida- 
tion at this point provides 3-benzyloxycarbonyl-3-azabicyclo[3.1.0]hexane-6-carboxylic acid. Curtius rearrangement as 
in Section VII. using diphenylphosphoryl azide, yields 3-benzyloxycartx>nyl-6-tert-lxitoxyc^^ 
cto[3.1.0]hexane, which can be taken on to the analogue bearing a primary amine, or which can be deprotected and 
further manipulated as in Section VII to provide the compounds of formula VIII wherein R 7 is NHCH3 or NHC2H5. 

Another route to these compounds involves treatment of N-benzyloxycarbonyl-3-pyrroline with ethyl diazoacetate 
under rhodium acetate catalysts, to provide the ethyl ester of 3-benzyloxycarbonyl-3-azabicyclo[3. 1 .0]hexane-6-carbox- 
ylic acid. Basic hydrolysis, for instance with sodium hydroxide in methanol, then gives the corresponding carboxylic 
acid, which can be processed as described above. Alternatively, the benzyloxycarbonyl group can be removed by 
hydrogenolysis, and the nitrogen functionality protected as a benzyl derivative, by treatment with benzyl bromide. Sub- 
sequent lithium aluminum hydride reduction then gives S-benzyl-e-hydroxymethyi-S-azabicyclop.l.Olhexane, which 
can be further functionalized as described above. 

1 ,2-R s ,R 3 -Disubstituted-3-azabicyclop.1.0]hexanes (IX) 

Modification of the Oppolzer procedure mentioned in Section VII provides this substitution pattern. For the 2-methyl 
substituted compounds. 3-benzylaminobutanenHrile is used as the starting material. For all other 2-substituents, 3- 
(benzylamino)-4-[(tetrahydro-2H-pyran-2-yl)oxy]-butanenitrile, available from beta-cyanoalanine yja carboxylic acid 
reduction, alcohol protection and N-benzylation, can be reacted with glycidol to provide 3-[(benzyl)(2.3-dihydrQxy-pro- 
pyl)amino]-4-[(tetrahydro-2H^yran-2-y0oxy]butanenitriIe. Tosylation of the primary alcohol is followed by base-induced 
ring closure to 3-[(benzyl) (2,3-epcocypropy0amiiiol-4-{(tetrar^ sodium hexamethyl- 

disilazide treatment provides 1 -benzyl-4-hydroxymetriyl-2-[(tefr 

trile. A second tosylation can be followed again by base-induced ring closure to the 3-azabicyclo[3.1.0]hexane of the 
formula IX wherein the 2-substituerrt is tetrahydropyranyloxy methyl, the 1-substrtuent is cyano, and the 3-aza nitrogen 
is benzylated. The nitrile functionality of the latter can be transformed into all of the substrtuents R 6 as in Section VII. 

For the elaboration of the C-2 substituent R 3 , final C-1 substituents R 6 bearing amino groups can be protected as 
the corresponding acetamides. Subsequent acid-induced removal of the tetrahydropyran (THP) protecting group gives 
a primary alcohol which can be subjected to a Swern oxidation; reductive amination of the derived aldehyde with ammo- 
nium acetate, methylamine or ethylamine then provides the corresponding amines of the formula IX wherein R 6 is CH 3 
or amino-protected C^NHg, CHgNHChij, CH 2 NHC 2 H 5 , NHg, NHCH 3 , or NHCgH* and R 3 isCHgNHg. CH 2 NHCH 3 , or 
CH2NHC2H5. Protection of the resultant 2-amine can be carried out as above, with the tert-buloxycarbonyl protecting 
group; removal of the benzyl group yja hydrogenation provides the free secondary amine, which can te coupled to the 
quinolone or naphthyridine nucleus, followed by acid-induced removal of the acetamide and tert-butoxycarbonyl groups. 

2,6-R 3 ,R 7 -Disubstituted-3-azabicyclo[3.1.0]hexanes(X) 

These compounds can be prepared from 3-benzyl-6-hydroxymethyl-3-azabicyclo(3.1.0]hexane; protection as the 
THP ether, followed by debenzylation, provides 6-[(tetrahydro-2H-pyran-2-yl)oxy]me^ A 
cyano group can then be introduced into the 2-posHion by the method of Wood, as in Section VI. Reintroduction of the 
benzyl group provides 3-tenzy1-2-cyano-6-[(tetrahydro-2H^ wherein 
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ents, as described in Section VI. At this point, protection of any primary or secondary amine as its acetamide can be 
followed by acidic removal of the tetrahydropyran protecting group, and elaboration of the primary alcohol into the 
desired substituent by the methods outlined in Section VIII. 

When the 6-substituerrt is a methyl group, elaboration of the tetrahydropyranyl ether is carried out prior to introduc- 
tion of the cyano group at C-2. When the 2-substitutent is a methyl group, an alternate route involves rhodium acetate- 
catalyzed cyclopropanation of N^en2yloxy(»rbonyh2-methyl-3-pyrroline (available yja the chemistry described by 
Takano, Heterocvcles. 1989, 2£L 1861, starting with 4-hydroxy-1-pentene) with ethyl cfazoacetate. The ester group can 
then be elaborated to the desired 6-substituerrt as in Section VIII. 



M-R^R 3 Disubstituted-3-azabicyck>[3.1.0]hexanes (XI) 

These compounds can be prepared from methyl acryiate and 2-benzylamino-3-[(tetrahydro-2H 
panoic acid methyl ester; heating these reagents in methanol provides an adduct which can be cyclized with sodium 
hexamethyldisilazide to 1-ben2yt-4^o-5-[(tetrahydro-2H^ carboxylic acid methyl 

ester. Reduction and benzyl group removal is effected with Raney nickel; introduction of a benzytoxycarbonyl group is 
then followed by mesylation ol the secondary alcohol and diazabicydononane-mediated dehydration to give 1-benzy- 
lc^rarbonyl-2,5-dihydro-M(tetrar^ methyl ester. Cyclopro- 

panation with diiodomethane and zinc/silver couple, according to the method of Denis et a I., Synthesis, 1972. 549. 
gives the bicyclop. 1 .0]hexyl system of formula XI wherein the 1 -substituent is CC^C^, the 4-substituent is tetrahydro- 
pyranyloxymethyl, and the 3-nitrogen is protected with benzyloxycarbonyl. The ester can be reduced to the correspond- 
ing alcohol wherein the 1 -substituent is hydroxymethyl with lithium borohydride. Removal of the benzyloxycarbonyl 
group by hydrogenolysis using 10% palladium on carbon can then be followed by benzylation with benzyl bromide, to 
provide the compound of formula XI wherein the 1 -substituent is hydroxymethyl. the 4-substituent is tetrahydropyrany- 
loxymethyl, and the 3-nitrogen is protected with benzyl. Alternatively, the cyclopropanation product obtained above can 
be hydrolyzed with sodium hydroxide to the corresponding acid wherein the 1 -substituent is C0 2 H. These two com- 
pounds can be manipulated as in Section VIII to provide the desired 1 -substituent R 9 ; after protection of the 1 -substit- 
uent, the 4-substituent R 3 can be generated from the tetrahydropyranyl-protected alcohol as in Section IX. Removal of 
the 3 -benzyloxycarbonyl group can then be effected by hydrogenation. 

When the desired 4-substituent is a methyl group, the chemistry described above can be carried out starting with 
2-benzylamino-propanoic acid methyl ester. 

1 .6-R 6 .R 7 -Disubsthuted-3-azabicycloI3. 1 ,0]hexanes (XII) 

These compounds can be prepared from tert-butyl acryiate and N-benzylglydne methyl ester; 1 -benzyloxycarbo- 
nyl ^.S-dihydro-IH-pyrrole-S-carboxylic acid, tert-butyl ester is then synthesized yja the methods described in Section 
XI. Molybdenum hexacarbonyl-mediarted cyclopropanation with ethyl diazoacetate then provides the bicyclic system of 
the formula XII wherein the 1 -substituent is t-butyloxycarbonyl, the 6-substituent is ethyloxycarbonyl, and the 3-nitrogen 
is substituted by benzyloxycarbonyl. Selective hydrolysis of the tert-butyl ester with trifluoroacetic acid can be followed 
by diborane-mediated reduction of the Iberated carboxylic acid and protection of the derived primary alcohol as its tet- 
rahydropyranyl ether. The 6-carboethoxy group can then be transformed into the desired 6-substituerrt as described 
above with respect to compounds of the formula XI. For a 6-methyl substituent, the protecting group on nitrogen is 
changed from benzyloxycarbonyl to benzyl as outlined in Section IX. After protection of any primary or secondary 
amines, the tetrahydropyranyl group can be removed under acidic conditions and the primary alcohol can be elaborated 
into the desired 1 -substituent by the methods outlined in Section VIII. 

For the case of a 1 -methyl substituent, N-beruyloxycarbonyl-3-methyi-3i^ (available yja N-protection of 3- 
methyl-3-pyrroline, whose preparation is described by Gajda, Liebios Ann.Chem. 1986, 992) is cyclopropanated using 
ethyl diazoacetate under rhodium acetate catalysis, to give a compound of formula XII wherein the 1 -substituent is 
methyl, the 3-substituent is benzyfoxycarbonyl, and the 6-substituent is ethoxycarbonyl. The ester functionality is then 
elaborated as described above. 



1.5-R 6 .R 9 -Disubstituted-3-azabicvclof3.1.01hexanes fXlll) 

These compounds are derived from l-benzyl-4-hydraxymethyl-3-pyrrolidine carbonitrile, whose preparation is 
described by Achini and Oppolzer as mentioned in Section VII. Protection of the primary alcohol followed by nitrile 
hydrolysis and diazomethane esterification provides 1 -benzyl -4-[(tetrahydro-2H-p^ 

carboxylic acid methyl ester. The benzyl group can be removed by hydrogenation and replaced by a benzyloxycarbonyl 
group. Introduction of a thiophenyl group can then be effected via deprotonation with sodium hydride and reaction of 
the derived enolate with S-phenyl benzenethiosulfonate to give 1-bertzy1oxycarbonyl^[(tetrahydro-2H-rjyran-2- 
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yl)oxy]methy1-3-thiophenyl-3-pyr^ acid methyl ester. Oxidation of the suHur with hydrogen peroxide, fol- 

lowed by thermolysis of the derived sulfoxide then gives alkene 1-benzyloxy(^oriyl-2,5<lihydro^'[(tetrahydro-2H- 
pyran-2-yl)oxy)methyl-1H-pyrrol-3-cartx>xylic acid methyl ester. Cyclopropanation with diiodomethane provides the 
bicyclic system of formula XIII wherein the 1-substituent is methoxycarbonyl, the 5-substhuent is tetrahydropyrany- 
loxymethyl, and the 3-aza is substituted by benzyloxycarbonyl, which can be further elaborated as in Section XII to give 
all of the disubstituted compounds. 

When the 1-substituent is methyl, the benzyloxycarbonyl group is replaced with a benzyl group, as in Section XI, 
prior to conversion of the tetrahydropyranyloxymethyl group to a methyl group. 

2.4-R 3 .R 10 -Disubstituted 3-azabicvdof 3. 1 .Olhexanes (XIV) 

These compounds can be prepared from 3-benzyl-2-hydroxymethyl-3-azabicyclo[3.1.0]hexane by protection of the 
primary alcohol as the tetrahydropyranyl ether, debenzyiation, introduction of a cyano group at the 4-position, and con- 
version into the desired 2- and 4-substituents according to the methods described in Section X. 

3- AzabteYdQr4,1iQ1heptane fXV) 

Reaction of 1 -benzyl- 1 ,2,5, 6-tetrahydropyridine with diazomethane and zinc iodide, according to the method of 
Attia, Ind. A Chem .. 16B. 98 (1978) provides 3-benzyl-3-azabicyck>[4.1 .Ojheptane. Hydrogenolytic removal of the ben- 
zyl group gives 3-azabicyclo[4. 1 .Ojheptane. 

6-R 9 -Substituted 3- Azabicvclor4. 1.01 heptanes (XVI) 

Reaction of 3-benzylarruno-1,2-dihydroxypropane with 4-bromobutanenitrile provides 4-[(benzyl) (2,3-dihydroxy- 
propyl)amino]butanenitriie. Processing of this compound as in Section VII provides 3-benzyl-6-cyano-3-azabicy- 
ck>[4.1. Ojheptane. The nitrile group of this compound can be transformed into the desired 6-R 9 -substituents as 
descrfced in Section VII. 

Alternatively, methyl 1 -benzyloxycarbonyl- 1,2,5,6-tetrar^ can be reduced with diisobuty- 

laluminum hydride, to provide 1 -benzy toxycarbonyl-4-hydroxymethyl-1 ,2,5,6-tetrahydropyridine. Cyclopropanation 
using samarium amalgam and iodochloromethane, then gives 3-benzyloxycarbonyl-6-hydroxymethyl-3-azabicy- 
ck>[4.1 .Ojheptane. The hydroxymethyl group can be transformed into the desired substituent by the methods outlined in 
Section VIII. 

5-R 5 -Substituted 3-Azabicyclo[4. 1.0] heptanes (XVII) 

These compounds can be prepared from 3-azabicyclo[4.1.0]heptan-4-one, disclosed in US. Patent 4,262,124. 
Reaction with sodium hydride and benzyl bromide provides 3-benzyl-3-azabicyclo[4.1.0]heptan-4-one, which can be 
subjected to treatment with strong base, such as lithium hexamethyldisilazide, and then reacted with formaldehyde. 
Subsequent protection of the resulting primary alcohol as the tetrahydropyranyl ether gives 3-benzyl-5-[(tetrahydro-2H- 
pyran-2-yOoxy]methyl-3-azabicycloI4.1.0]heptan-4-one. Lithium aluminum hydride reduction then yields the bicyclic 
system of the formula XVII where the 5-substituent is tetrahydropyranyl -protected hydroxymethyl. This substituent. after 
acid-induced removal of the THP group, can be transformed into the desired S-R^-subst'tuent by utilizing the methods 
described in Section VIII. 

Alternatively, when R 5 is amino or substituted amino, the compounds may be prepared starting from 1-benzyloxy- 
carbonyl-5-hydroxy-1,2,S,6-tetrahydropyridina Samarium-promoted cyclopropanation. as in Section XVI, can then be 
followed by replacement of the benzyloxycarbonyl group by a benzyl group, as in Section VIII (the benzyl bromide step 
can be replaced by treatment with benzaldehyde/sodium cyanoborohydride), to give 3-benzyi-5-hydroxy-3-azabicy- 
ck>[4.1. Ojheptane. A Swern oxidation provides the corresponding ketone, and subsequent treatment with hydroxy- 
lamine hydrochloride, followed by lithium aluminum hydride reduction of the derived oxime, then gives 3-benzyl-5- 
amino-3-azabicyclo[4. 1 .Ojheptane. Protection of the primary amine as its tert-butoxycarbonyl derivative can then be fol- 
lowed, H desired, by introduction of an N-methyl or N-ethyl group, as in Section VII. 

4- R 3 -Substituted-3-Azabicyclof4.1 .0]heptanes (XVIII) 

These compounds can be prepared from 2-hydroxymethylpyridine by protection of the primary alcohol as the tet- 
rahydropyranyl ether followed by reaction with benzyl iodide, and sodium borohydride reduction, according to the 
method reported by Sashida and Tsuchiya. Chem. Pharm. Bull.. 32, 4600 (1984). to provide 1 -benzyl -2-{(tetrahydro- 
2H-pyran-2-yl)oxy]methyl-1 ,2 .3. 6-tetrahydropyridine. Cyclopropanation with diazomethane/zinc iodide, according to the 
method of Attia in Section XV, then gives 3-benzyl-4-[(tetrahydro-2H-pyran-2-yr)oxy]methyl-3-azabicyclo[4.1 .Ojheptane. 
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^54*3^"" WWI Ca " 1,6 ^ * meth0ds *«*" **" VII, to pro.de 
2-R 4 >Subs1itmed-3-A2abic Ydof4.1.0Theptanes( XIX) 

S TS£S2L2f S2* tetrahydropyranyl ether to provide Z-Ktetrar^ro-ZH-pyran-Z-yOoxylmethyf-bicy- 

desired 2-substrtuent utilizing the methods described in Section IX. transformed .mo the 

: 1 -R 6 -Subs1itut ed-3-Azabicvdor4.1 Olheolanes (XX) 

doU 1 OlhecZTS J ^J^f t0 9enera1e a-benzyloxycatbonyl-l-hydroxymethyl-S-azabicy- 

aoi4.ro]H^tene. The methodology described m Section VIII can be used to convert the hvdroxvmethvl »oun JmL 
desired substituent. In this case, as well as othe* where the Curtius reananaement i ^mSS^Si^l T 
obtained using the modHied Curtius reaction described by oJSH. SSSSiSSS. T * 

7-R 7 -Subs tituted-3-Azabicydo[4.l.oiheptanes (XXI) 

«ith m^^fT 5 T* ^ PreP8red fr0m 1 -^y-5.6-dihydro-2(l H)-pyridinone by reaction with ethyl diazoacetate 
wrth molybdenum hexacaibonyl catalyst to provide 3-ben 2 yl-2-oxo-3-a 2 abicyclor4 1 OlhejSne-T^S^SS 

XiSi^.S reduced with ,ithium a,uminum hydrkte to ^SSS£2 

^SSSS^S^T ° f *" meth0dS in SeCti0n V,M 1hen **» ,he desired ^ 
unH P ?Z V ' ^^°^ carbon y'- 1 - 2 -5.6-telrahydro P yrid J ne can be subjected to reaction wrth ethyl diazoacetate 
under rhodium acetate catalysis, to provide ethyl-3-ber^oxy C arbonyi-3-azabicydo(4 1 Olhertane^-^SS 22 
hydrolysis wm sodium hydroxide then provides the corresponding caitooSE acid \J^^T2lSl?S 
described in Section VIII to give amino or substituted amino derivatives. * 38 

3 . 7-R 4 . q 7 -PiSMbstituted-3-azabicvRln[A I .QIheptanftfi fXX»i) 

be JlTJTT^J re d6r S r0fI1 1 -^- 2 - 1 *^^nyloxymethyl0.2.5.Wetr a hydropyridine which can 
, ^^^^vOpyridine using the procedures outlined in Section XVIII. TreaSent of uEZZ? 
etrah^ropyranyloxyrnethyl-1 .2.5.6-tetrahydropyridine with a-chloroethyl chloroformate M ol^^lLnT!^ 

2t£ ^rcwayaw^ .2.5.6-telrahydropyridne. Cyctopropanation of this compoundSth SSJc- 
2,6-R 4 ,R 9 -Disubstituted.3- azabicvclof4 1 .Qlheotanes fXXlV) 

De JS!^ n T n ? M " b6 prepared from meth y 1^nzylc^carbonvlO,2,5.6-tet ra MropyTidine-4-carboxvlate 
£5£ S ^ SUCh 38 ^Wlamide or lithium hexamethSS M ttS £ 
mSTi^ and lection of the resulting primary alcohol as its tetrahydropyranyl der^veTaive 

methyl 1+™****^ 

compound usmg methodology described in Section XVI provides ^n^^Z^^leZSZ^ 
I.T-F^.^-Disubstituterl-a- qzabicvclofA 1 Qlheotanes fXXVii) 

h l^ >er^Zy,0^cyCa^,^or V , -" , •2.S.6-t^ratfTycJ ror Dyrlclioo-3-<»rt>axW^© can be reduced with diisobutvlaluminum 

oaceiaie me presence of rhodium acetate then yields the ethyl ester of 3-benzyloxycarbonyl-l-tetrahydropyrany- 
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loxymethyl-3-azabicyck>l4.1.0]heptane-7-carboxylic acid. Processing ol this compound as in Section XII delivers the 
desired substitution. 

Alternatively, tert-butyl l-benzyioxycarbonyl-I^.S.e-tetrahydropyridine-a-carboxylate can be cyclopropanated 
using ethyl diazoacetate under molybdenum hexacarbonyl catalysis, to give 1 -tert-butyl 7-ethyl 3-benzytoxycarbonyl-3- 
azabicydo[4.1.0]heptane-1,7<licait>oxylic acid. Application of chemistry described in Section XII can be used to syn- 
thesize the desired disubstituted compound. 

1.5- R^^-Disubstituted-S-azabicycloK.I.OIheptanestXXVIII) 

Addition of benzylamine to 1-tetrahydropyranyloxy-3-buten-2-one, followed by Wrttig olelination of the ketone with 
methyltrphenylphosphonium bromide and base, provides 4-benzylamino-2-methylene-1 -(tetrahydropyranyloxy)butane. 
Amide formation with monoethyl malonate, using carbonyldiimidazole as a condensing agent then provides a dicarbo- 
nyl compound, which is subjected to diazo transfer using p-to!uenesulfonyl azide or p-carboxyphenylsulfonyl azide 
under the influence of potassium t-butoxide or potassium hydride. Alternatively, the procedure of Koskinen, J. Chem . 
Soc. Chem . Commun .. 1990, 652 can be utilized. The resulting diazo compound is treated with rhodium acetate in 
reftuxing benzene, according to the procedure of Kametani, Chem . Pharm. Bull , 1985, 61 , to provide the ethyl ester of 
3-benzyl-2-oxo-6-tetrahydropyranytoxyme%^ Lithium aluminum hydride 

reduction gives a compound of formula XXVIII wherein the 1-substituent is hydroxymethyl and the 6-substituent is tet- 
rahydropyranyloxymethyl. This compound can be processed into the desired sidechain by the chemistry described in 
Sections XI and VIII. 

1 .SR 6 .R 5 -Disubstituted-3-azabicydo[4.1.01heptanes (XXIX) 

2-EthenyM ,3-propanediol can be prepared using the methodology of Meyer, Syn . Commun. . 1986, 261 . Monopro- 
tection as the tetrahydropyranyl derivative can be followed by mesylation of the remaining primary alcohol, and dis- 
placement with benzylamine, to provide 4-(benzy lamino)-3-tetrahydropyranyloxy methyl-1 -butene. Amide formation with 
monoethyl malonate, diazo transfer and cyclization as in Section XXVIII then provides the ethyl ester of 3-benzy)-2-oxo- 
5-teUahydropyranyloxymethyl-3-azabicyclo[4. 1 .0]heptane-1-carboxyiic acid. Lithium aluminum hydride reduction gives 
3-benzyl-1 -hydroxy methyl-5-tetrahydropyranyloxy methyl -3 -azabicydo[4.1.0]heptane, which can be transformed info 
the desired substituent using the chemistry outlined in Sections XI and VIII. 

5 > 7-R 5 ,R 7 -Disubstituted-3-azabicyclof4.1.0lheptanes (XXXIQ 

Cycloaddition of 5-ietrahydropyranyloxy-1 ,3-pentadiene with the benzyl ester of methylenecarbamic acid provides 
1-benzyloxycarbonyI-3-tetrahydropyranylox Cyclopropanation with ethyl diazoace- 

tate and rhodium acetate then gives the ethyl ester of 3^erizylc«yc^onyl-5-tetrahydropyranyb>^ethyl-3'azabicy- 
clo[4,l,0]heptane-7-carboxylic acid. Conversion into the desired disubstituted compound can then be carried out as 
described in Section XIL 

5.6- R 5 , R 9 -Disubstituted-3-azabicvclor4. 1 . Olheotanes (XXXIV) 

Addition of allylamine to ethyl 4-chloroacetoacetate, followed by protection of the resulting secondary amine as its 
benzyloxycarbonyl derivative provides ethyl N-allyl-N^nzyloxycarbonyW-anftirx>-3-0Qco-butanoic acid. Diazo transfer 
and rhodium-mediated cyclization can then be carried out, as described in Section XXVII I, to provide ethyl 3-benzyloxy- 
carbonyl-5-oxo-3-azabicydo[4.1 .0]heptane-6-carboxylate. Olefination with (methoxymethyl)triphenylphosphonium 
chloride and base, followed by mild acid hydrolysis, then gives ethyl 3^r^ytoxy(^rbonyl-5-carboxaldehyde-3-azabicy- 
ck>[4.1 .0]heptane-6-carboxylate. Oxidation of the aldehyde to a carboxylic acid can be carried out with sodium chlorite 
or tetra-n-butylammonium permanganate. The resulting compound of formula XXXIV, wherein R 5 is a carboxylic acid 
and R 9 is an ethyl ester, can be transformed into the desired disubstituted compound using the procedure outlined in 
Section XII. 

6,6-R 7 , R 25 -Disubstituted-3-azabigyclof3. 1 .01h ? xan^fXXXVII) 

These compounds are derived from methyl tert-butyl 3^nzytoxyc^rbonyl-3-azabicyclol3.1.0]hexane-6,6-<ficarbo- 
xylic acid, which can be prepared by cyclopropanation of 1 -benzy toxycarbonyl-3-pyrroline using the method of Ohishi, 
Synthesis. 1980, 690 or Peace and Wulfman, Synthesis. 1973, 137. Removal of the tert-butyl ester can be effected by 
brief treatment with trifluoroacetic acid; the liberated carboxylic acid can then be transformed into an amino group by 
the procedure of Baldwin, J. Chem. Soc. Chem. Commun .. 1988, 775. The resulting compound of formula XXXVII, 
wherein the 3-substituent is benzyloxycarbonyl and the 6-substituents are amino and methoxycarbonyl, can then be 
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resulting compound of fomJb XXXVr! 22«£ 2 ^2! ^ S6COnd amde ,s formed in similar fashion. The 

alive and removal of the ber^^tv^ro^it ^ Pro,ect »° n ™ the di-tert-butoxycartxnyl deriv- 

compound II. ^ W * hydr ° aeno| y sis P 1 ™** the compound in a form appropriate for coupling to 

1-2,6-R s ,R 3 ,R 7 -Trisubstituted-3-a2abicY clo[ ai.0lhexanes ( xxxvui) 
A. R 7 is a methyl group. 

fr - *• reacts of benzene with 1- 
be carried out as in SecfiSSl te tSSSl 3SSt JETS: "J** -0 " usin 9 «*«™ ««. can 
cafcoxytic add. Reduction with imS^ 

drcpyrany. ether provides a compound of the formula^XxWl'tw^ *» 86 te lelrah y- 

pyranyloxymethyl group, and R 7 is a methyl aroua XEZinnZZ , 73 bond to 0xygen ' * B a tetrahydro- 
cyanoborohydride according lolhel^sK«L?22^2 ^ C ^ PCUnd ,0 meth y |lithi ™ fo«owed by sodium 

XXXVII. wherein R* i s cyano. R* is teW^SSn^S SKSSTK ^ ' * ^ 

at this point into the desired ^ flr ° Up * transfofmed 

B. R 6 is a methyl group. 

this compound to the chemistry described * ^^tenTS^S? 9^^S^T' ten t! l * ,,niSSi0n * 
2-tetrahyd ro pyranylQxymethyi.3-pyrroline CvctoDrwaS^KTx w l-benzyloxycaroonyl-3-methyl- 
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zyloxycarbonyl group can be replaced by a benzyl group, as in Section XI; the ester group can then be converted to an 
(alkyl)arrdnomethyl group as in Section VIII. After protection of any amine groups at the 6-position, the tetrahydropyra- 
nyloxymethyl group can be converted into the desired substituent using the chemistry in Section IX or X. 

When both the 1 ■ and 6-substituents are methyl, the same chemistry can be effected starting with 1-benzyloxycar- 
bonyl-2.3-dimethyl-3-pyrroline. 

C. R 3 is a methyl group. 

In this case, the starting material is the tert-butyl ester of 1-benzyloxycarbonyI-2-methyl-3-pyrroline-3-carboxylic 
acid, obtainable from the chemistry described in Section XII, where tert-buty! crotonate is employed in place of terl-butyl 
acrylate. Cyclopropanation as above with ethyl diazoacetate provides a compound of the formula XXXVIII wherein R 3 
is methyl, R 6 is tert-birtoxycarbonyl, and R 7 is ethaxycarbonyl. Trifluoroacetic acid can be used to hydrdyze the tert 
butyl ester; subsequent Curtius rearrangement with diphenylphosphoryl azide in tert-butand provides a protected 1- 
amino substituent. which can be alkylated as in Section VIII if desired. Alternatively, the acid mdety at the 1 -position 
can be reduced with diborane to provide a hydroxymethyl substituent, which can be elaborated as in Section VIII or IX. 
The ethyl ester at the 6-position is then either hydrolyzed under basic conditions and the resulting acid subjected to a 
similar Curtius rearrangement and further elaboration, or reduced to the hydroxymethyl group with lithium borohydride. 
The hydroxymethyl group can then be converted into the desired substituent by the chemistry described in Section IX. 

1.6.6-R 6 .R 7 .R 25 -Trisiibstituted-3-azabicvclof3.1.01hexanes (XLI) 

A. R 6 is a methyl group. 

These compounds can be prepared from 14^er^yloxycarbonyl-3-methyl-3-pyrroline by cyclopropanation with tert- 
butyl methyl makxiate or its diazo derivative, as outlined in Section XXXVII. The resulting tert-butyl methyl 3-benzyloxy- 
carbony I- 1 -methyl -3-azabicydo[3. 1 .0]hexane-6,6-dicarboxylic acid can be further functional ized as described in Sec- 
tion XXXVII. 

B. R 7 is a methyl group. 

Compounds of this type are derived from 1-benzyloxycartoonyl-3-tetrahydropyrariylox^ This 
starting material can be preparei from t -benzyioxycartx)nyl-3-pyrrolidinone by deprotonation with strong base, such as 
lithium hexamethyldisilazide, followed by quenching with formaldehyde. The free alcohol is protected as its tetrahydro- 
pyranyl derivative, and the ketone is reduced with sodium borohydride. Dehydration of the resulting alcohol with phos- 
phorus oxychloride in pyridine gives the requisite starting material. 

Cyclopropanation with ethyl diazoacetate under rhodium acetate catalysis provides the ethyl ester of 3-benzyloxy- 
carbonyl-1 -tetrahydropyranyloxymethyl-3-azabicyclo[3.1 .0]hexane-6-carbcocylic add. which can be methylated atthe 6- 
position by deprotonation with strong base such as potassium hydride or lithium hexamethyldisilazide, and reaction of 
the derived enolate with methyl iodide. The ester can then be hydrolyzed using sodium hydroxide in methanol, and the 
resulting carboxylic acid fundionalized as desired, using the methods described in Sections XI or XXXVI 11(c). 

Alternatively, the pyrroline starting material can be cydopropanated as in Section XXXVII, to provide t-butyl methyl 
3-benzyloxycarbonyM-tetrahydropyranyl^ acid. This can be proc- 

essed as in Section XXXVII to generate 3-benzyloxycarbonyl-6-hydroxymetty^ 

3-azabicydo[3.1.0]hexane. Use of chemistry outlined in Section XI then gives the desired substitution pattern. 
1 ,5,6-R 6 ,R 9 ,R 7 -TrisubstHuted-3-azabicydol3.1.01hexanes (XL))) 
A. R 7 is a methyl group. 

1-Bromo-2-tetrahydropyranyloxymethyl-2-butene can be reacted with benzylamine, and the resulting secondary 
amine condensed with the monoethyl ester of malonic ester, as described in Section XXVIII. Diazo transfer and intramo- 
lecular cydopropanation, as described in Section XXVIII, then provides ethyl 3-benzyl-6-methyl-2-oxo-5-tetrahydro- 
pyranytoxymethyl-3-azabicydo[3.1.0]hexane-1-carboxylic add. Lithium aluminum hydride reduction gives a compound 
of formula XLII wherein the 1 -substituent is hydroxymethyl, the 5-substituent is tetrahydropyranyioxymethyl, and the 6- 
substHuent is methyl. This compound can be processed into the desired sidechain by utilizing the chemistry described 
in Sections XI and VIII. 
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These compounds are derived from 1-chloro-2-methyi-4-1etrahydropyranyloxy-2-butene, whose preparation has 
been described Schmid, Hetv. Chim . Acta. 1982, 684. Processing of this compound as in Section A above provides 3- 
benzyl-1-hydroxymetriyl-5-m^ This compound can also 

be transformed into the desired sidechain by utilizing the chemistry described in Sections XI and VIII. 

2 > 4,6-R 3 .R 10 .R 7 >Trisubstrtuted-3-azabicvclof3.1 .Olhexanes (XLV) 

A. R 7 is a methyl group. 

To prepare compounds of this type, 3-benzyl-6-methyl-3-a2abicyclo[3.1.0]hexane (a preparation for which is out- 
lined in Section VIII) is transformed into 34)enzyl-2K^ano-6-methyl-3-azabicyclo[3.1.0]hexane by the method 
described in Section X. Subsequent hydrolysis of the nrtrile under acidic or basic conditions can be followed by lithium 
aluminum hydride reduction and protection of the resulting primary alcohol as its tetrahydropyranyl derivative. Further 
functionalization can be carried out as in Section XIV to provide the desired substitution pattern. 

B. R 3 is a methyl group. 

These compounds are derived from 1-benzyloxycarbonyl-2-methyl-3-pyrroline. Cyclopropanation with ethyl diazo- 
acetate. as described in Section X, can be followed by ester reduction with lithium borohydride, and protection of the 
resulting primary alcohol as its tetrahydropyranyl derivative, to provide 34>enzyk>xycartX)n^-2-methyl-6-tetrahydropyra- 
nyloxymethyl-3-azabicyclo[3.1.0]hexane. Removal of the benzyloxycarbonyl group by hydrogenolysis can then be fol- 
lowed by the introduction of a cyano group at the 4-position. The 4<yano-2^etf^l^-tetrahydropyranylc«yrTiethyl-3- 
azabicyck>[3.1 .0]hexane obtained in this way can then be converted to the desired trisubstituted 3-azabicy- 
clo[3. 1 .OJhexane by the methods outlined in Section X. 

1 .2 l 7.R s ,R 4 ,R 7 -Trisubstituted-3-azabtcvclor4.1 .Olheptanes (XLVI) 

A. R 7 is a methyl group. 

Reaction of benzylamine with 5-bromopent-2-ene gives 5-benzylamino-2-pentene, which can be condensed with 
the half-ester of malonic acid, as descrtoed in Section XXVIII. Subsequent diazo transfer and cydoaddition, according 
to Section XXVIII. provides ethyl 3-benzyloxy(arbonyl-7-methyl-2-oxo-3-az 
Processing of this compound as in Section XXXVIII provides the desired trisubstituted compound. 

B. R 6 is a methyl group. 

Cycloadcfition of the benzyl ester of methylenecarbamic acid with 3-methyl-6-tetrahydropyranyloxy-l ,3-pentadiene 
yields 1-benzyioxycaitK>nyl-3-memyl-2-teta Cyclopropanation with 

ethyl diazoacetate, as describad above, then provides a compound of formula XLVI, where R 7 is an ethyl ester, R s is 
methyl, and R 4 is tetrahydropyrarryloxymethyl. This compound can be transformed into the desired trisubstituted 
sidechain using methodology described in Section XL 

C. R 4 is a methyl group. 

Cycloaddition of the benzyl ester of methylenecarbamic acid with 3-tetrahydropyranyloxymethyl-1 ,3-pentadiene 
provides 1 ^nzyk>xycarbonyl-2-methyl-3-tetrahydropyranyloxymethyl-1 ,2.5,6-tetrahydropyridine. Cyclopropanation 
with ethyl diazoacetate gives a compound of formula XLVI, wherein R 7 is an ethyl ester group, R 6 is tetrahydropyrany- 
loxymethyl. and R* is methyl. Chemistry described in Section XII can be used to transform this compound into the 
desired sidechain. 

2.7,7-R 4 ,R 7 R 25 -Trisubstituted-3-azabicyclof4.1.01heptanes (L) 
A. R 4 is a methyl group. 

Cycloaddition of the benzyl ester of methylenecarbamic acid with 1 ,3-pentadiene provides 1 -benzyloxycarbonyl-2- 
methyl-1,2,5,6-tetrahydropyridine. Cyclopropanation with tert-butyl methyl malonale or its diazo derivative, as outlined 
in Section XXXVII, then gives a compound of formula L wherein R 4 is a methyl group, R 7 is a methyl ester group and 
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R 25 is atert-butyt ester group. Chemistry outlined in Section XXXVII is then used to convert this compound. 
B. R 7 is a methyl group. 

Reaction of 1 -benzy!oxycart>onyl-2-tetraty^ with bromofbrm under 

basic conditions, as in Section XXXVII, gives 3^nzytoxycarbonyl-7J-dibromo-2-t^^ 

cyclo[4.1 .0]heptane, which can be further converted into the desired compound by applying methods described in Sec- 
tion XXXVH. 

1.6.7-R 6 .R 9 .R 7 -TrisubstHuted-3-azabicvclor4.1 .Olheptanes (LVIID 

A. R 7 is a methyl group. 

Addition of benzylamine to 1-tetrahydropyranytoxy-3-buten-2-one, followed by Witting olefination of the ketone with 
ethylidene triphenylphosphorane, provides 5-benzylamino-3-tetrariydropyranyloxymethy!-2i5entene. Amide formation 
with mo no ethyl matonate, followed by diazo transfer and rhodium-catalyzed cycloaddition, can be carried out as 
described in Section XXVIII to provide the ethyl ester of 3-berizyl-7-methyl-2-oxo-^tetrahydropyranylQxymethyl-3- 
azabicyclo[4.1.0]heptane-1-carboxylic acid. This compound can be further processed as in Section XXVIIL 

B. R 9 is a methyl group. 

Addition of benzylamine to methyl vinyl ketone, followed by Peterson olefination of the ketone with ethyl 2-trimeth- 
ylsilylacetate and base, gives an unsaturated ester which can be reduced with cfiisobutylaluminum hydride. The result- 
ing primary alcohol is protected as its tetrahydropyranyloxy derivative, to give tetrahydropyranyl-protected 5- 
benzylamino-3-methyl-pent-2-en-l-ol. Amide formation and cycloaddition as described in Section XXVIII then provides 
the ethyl ester of 3-benzyl-6-metrryl-2-oxo-7-tefr arid. 
This can be processed into the desired derivative using chemistry outlined in Section XXVMI. 

C. R 6 is a methyl group. 

Addition of benzylamine to 1-tert-butyldimethylsilyloxy-3-buten-2-one, followed by Peterson olefination of the 
ketone with ethyl 2-trimethylsilylacetate and base, gives an unsaturated ester which can be reduced with diisobutylalu- 
minum hydride. The resulting primary alcohol can be protected as its tetrahydropyranyloxy derivative. Amide formation, 
cycloaddition and lithium aluminum hydride reduction, as described in Section XXVMI, then gives 3-benzyI-6-tert-butyld- 
imethylsilyloxymethyM-hydrox^ Reduction of the pri- 

mary alcohol to a methyl group at position 1 can be carried out using the methodology described in Section VI. 
Subsequent removal of the tert-butyWimethylsilyf protecting group at position 6 can then be effected using tetra-n-butyl 
ammonium fluoride in tetrahydrofuran solution. The resulting 3-benzyl-6-hydroxyrnetlTyl-1 -m^ 
loxymethyl-3- azabicyclo[4.1 .0]heptane can be transformed into the desired compound using the chemistry in Sections 
XI and VI II. 

4,$ ,7-R 3 l R 5 ,R 7 -Tri ?l jl ?? titgt^-?-aza.bi9Y9lpf4.1 jabfiBtaDSS ft-XX) 

A. R 3 is a methyl group. 

1 -Benzyloxycarbonyl-1 ,6-dihydro-3(2H)-pyridinone can be cyclopropanated with ethyl diazoacetate under the influ- 
ence of molybdenum hexacarbonyl, to give the ethyl ester of 3-benzyloxycarbonyl-5-oxo-3-azabicyclo[4. 1 .0]heptane-7- 
carboxyiic acid. Treatment of this compound with base, such as lithium hexamethyldisilazide or potassium tert-butoxide, 
followed by methyl iodide, serves to introduce a methyl group at the 4-posrtion. Wittig reaction and further processing 
of this compound as in Section XXXIV delivers the desired trisubstituted compound. 

B. R 5 is a methyl group. 

Deprotonation ol the ethyl ester of 3-beiTzylo>ryraitonyl-5-oxo-3-azabi^^ ackJ with a 

strong base, such as lithium hexamethyldisilazide or potassium tert-butoxide, followed by quenching of the enolate with 
formaldehyde, gives a primary alcohol which can be protected as its tetrahydropyranyloxy derivative. The resulting ethyl 
3-benzyloxycartx>r»yl-5K)xo-4-tetraty is subjected to 

olefination with base and metrtyltriphenylprwsphoniurn bromide. Catalytic hydrogenation of the double bond, followed 
by reintroduction of the benzyloxycarbonyl group, gives the ethyl ester of 3-benzyloxycarbonyl-5-methyl-4-tetrahydro- 
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r\\/ran\strkv\/rnA+l"n't-Q-'**'«K;*»w»4#%f/l 1 (\\Urw>4*sr*~. 1 ..a»:_i_ u _ .i. a. — i — :_ o ~ ~»: - _ x#i 
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C. R 7 is a methyl group. 

5 1 -Benzyloxycarbonyl-5-hydroxy-1 ,2,5,6-tetrahydropyridine can be transformed into 3-benzyloxycarbonyl-7-bromo- 

7-methyl-5-hydraxy-3-azabicyclo[4.1.0]hep1an8 using methods described in Section XXXVII. Reaction with tri-(n- 
butyl)tin hydride then yields the denominated compound. Oxdation of the alcohol to the ketone with pyrkJinium chloro- 
chromate or a Swern oxidation provides 3^nzyloxycarbcMiyl-7-me1hyl-5^o-3-a2abicydo[4.1.0]heptane. Deprotona- 
tion, quenching with formaldehyde, and protection as the tetrahydropyranyl derivative as described in Section B above, 

10 yields 3-benzytoxycarbonyl-7-methyl-^ Transformation 
of the ketone to the homologated carboxylic acid can be effected as described in Section XXXIV. The resulting 3-ben- 
zytoxycarbonyl-7-methyl-4-tetrahydro^ acid can be converted 

as in Section XI to give the desired substituents. 

The pharmaceutical acceptable acid addition salts of compounds (I) are prepared in a conventional manner by 

is treating a solution or suspension of the free base (I) with about one chemical equivalent of a pharmaceutical^ accept- 
able acid. Conventional concentration and recrystallization techniques are employed in isolating the salts. Illustrative of 
suitable acids are acetic, lactic, succinic, maleic, tartaric, citric, gluconic ascorbic benzoic, methanesulfbnic, p-tolue- 
nesulfbnic, cinnamic, fumaric, phosphoric, hydrochloric, hydrobromic, hydroiodic, sulfamic, and sulfonic acid. 

The pharmaceutical^ acceptable cationic salts of compounds (I) may be prepared by conventional methods from 

so the corresponding acids, e.g. by reaction with about one equimolar amount of a base. These cationic salts do not 
increase the toxicity of the compound toward animal organisms. Examples of suitable cationic salts are those of alkali 
metals such as sodium or potassium, alkaline earth metals such as magnesium or calcium, and ammonium or organic 
amines such asdiethanolamine or N-methylglucamine. 

The novel compounds of formula I and the pharmaceutical^ acceptable acid addition sarts thereof are useful in the 

25 treatment of bacterial infections of broad spectrum, particularly the treatment of gram-positive bacterial strains. 

The compounds of the invention may be administered alone, but will generally be administered in admixture with a 
pharmaceutical carrier selected with regard to the intended route of administration and standard pharmaceutical prac- 
tice. For example, they can be administered orally or in the form of tablets containing such excpierrts as starch or lac- 
tose, or in capsules either atone or in admixture, with excipients, or in the form of elixirs or suspensions containing 

so flavoring or coloring agents. In the case of animals, they are advantageously contained in an animal feed or drinking 
water in a concentration of 5-5000 ppm, preferably 25-500 ppm. They can be injected parenterally, for example, intra- 
muscularly, intravenously or subcutaneously. For parenteral administration, they are best used in the form of a sterile 
aqueous solution which can contain other solutes, for example, enough salt or glucose to make the solution isotonic. In 
the case of animals, compounds can be administered intramuscularly or subcutaneously at dosage levels of about 0.1- 

35 50 mg/kg/day, advantageously 0.2-10 mg/kg/day given in a single daily dose or up to 3 divided doses. 

The invention also provides pharmaceutical compositions comprising an arrtibacterially effective amount of a com- 
pound of the formula (0 together with a pharmaceutical^ acceptable diluent or carrier. 

The compounds of the invention can be administered to humans for the treatment of bacterial diseases by either 
the oral or parenteral routes, and may be administered orally at dosage levels of about 0.1 to 500 mg/kg/day, advanta- 

^0 geously 0.5-50 mg/kg/day given in a single dose or up to 3 divided doses. For intramuscular or intravenous administra- 
tion, dosage levels are about 0. 1 -200 mg/kg/day, advantageously 0.5-50 mg/kg/day. While intramuscular administration 
may be a single dose or up to 3 divided doses, intravenous administration can include a continuous cfrip Variations will 
necessarily occur depending on the weight and condition of the subject being treated and the particular route of admin- 
istration chosen as will be known to those skilled in the art. 

45 The antibacterial activity of the compounds of the invention is shown by testing according to the Steer's replicator 
technique which is a standard in yJitQ bacterial testing method described by E. Steers et al., Antibiotics and Chemother- 
apy, 9, 307(1959). 

The temperatures are in degrees Celsius in the following preparations and examples. 
so Example A 

1. 5-Benzvl-1.3a.4.5.6.6a-hexahydro-4.6-dioxopyrrolo [3.4-clDvrazole-3-carboxy1ic acid, ethvl ester 

Ethyl diazoacetate (13 g, 1 14 mmd) in diethyl ether (100 ml) was added dropwise to a solution of N-benzylmaleim- 
55 ide (1 0 g. 53 mmoJ) in diethyl ether (250 ml). The resulting mixture was allowed to stir for 1 S hours; the solvent was then 
removed in vacuo, and the resulting residue partitioned between methylene chloride and water. The organic layer was 
dried over sodium sulfate, fitered and concentrated to provide the title product as a white solid, mp 145-146° with 
decomposition (16 g, 53 mmol. 100% yield). 1 H NMR (CDCy: 7.31 (m. 5H), 7.02 (bs, 1H). 4.89 (dd. J=11. 2 Hz. 1H). 
4.65 (s, 2H), 4.55 (d, J=10 Hz, 1H), 4.36 (q, J=7 Hz, 2H), 1.37 ft J=7 Hz, 3H). 
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2. [1a.5a.6gV3-Benzyl-3-azabicvclof3.1.01hexane-2.4 <lione-6-caf boxylic acid, ethyl ester 

The title compound of Preparation E.1. (99 g, 0.33 mol) was thermolyzed in a 1 85° oibath; after 1.5 hours, the reac- 
tion was cooled to room temperature and the product recrystallized from diethyl ether to provide the title product as a 
5 white solid, mp 100-101° (31.2 g, 1 14 mol, 35% yield). 1 H NMR (CDCI3): 7.29 (s. 5H). 4.50 (s. 2H), 4.17 (q, J=7 Hz, 
2H), 2.86 (d. J=3 Hz, 2H), 2.28 (t J=3 Hz, 1H), 1.26 (t, J=7 Hz, 3H). 

3. f1a.5a.6gl>3-Benzvl-6-hvdroxvme thyl-3-azabicvdor3.1.01hexane 

10 A solution of ethyl 3-benzyl-3-azabicyclo[3.1 .0]hexane-2,4-c5one-6-carboxylate (2.73 g, 10 mmol) was added to a 
suspension of lithium aluminum hydride (1 .5 g, 40 mmol) in tetrahydrofuran (250 ml). The resulting mixture was heated 
to reflux for 28 hours. The reaction mixture was quenched with saturated aqueous ammonium chloride (2 ml) and fil- 
tered; the filtrate was concentrated in vacuo to provide the title product as a colorless oil (1 .69 g, 8.3 mmol, 83% yield). 
1 H NMR (CDCI3): 7.27 (m. 5H), 3.58 (s. 2H). 3.43 (d. J=7 Hz, 2H), 2.96 (d. J=8 Hz. 2H), 2.35 (bd, J=9 Hz, 2H), 1.58 (m, 

15 1H), 1.28 (S.2H). 

Example p 

1 . [Ig^.gffiVg-HYdroxYmethyl-S-azabic^dor^l .Qlhexane 

20 

[1a.5a.6a]-3-Ber»zyl^-hydroxymethyl-3-azabicyclo[3.1.0]hexane (2.5 g, 12 mmol) was dissolved in methanol (200 
ml), treated with palladium hydroxide on carbon (20% palladium content, 500 mg) and stirred under 1 atmosphere of 
hydrogen for 4.5 hours. The reaction mixture was filtered, and concentrated in vacuo: the residue was mixed with ace- 
tonitrile and allowed to crystallize. Filtration provided the title product as an amorphous white solid, mp 98-100° (1.16 
25 g, 10.2 mmol, 85% yield). 1 H NMR (CDCIg): 3.49 (d, J=7 Hz, 2H), 2.98 (d, J-11 Hz, 2H), 2.85 (bd, J=12 Hz, 2H), 1.67 
(bs, 2H), 1.33 (m, 2H), 0.89 (m, 1H). 

2. [1a.5tt.6a1-3-Benzyloxvcarbony l^-^ 

30 The title compound of Preparation B.1 (1 .0 g, 8.8 mmol) was dissolved in dioxane (40 ml) and water (40 ml) and 
treated with sodium bicarbonate (3 g, 36 mmol) and benzyl chloroformate (1.3 ml, 9.1 mmol). After 30 minutes, the 
reaction mixture was extracted with ethyl acetate; the combined organic layers were dried over sodium sulfate, filtered 
and concentrated to provide the title product as an oil (2.15 g., 8.7 mmol. 99% yield). 1 H NMR (CDCy: 7.32 (bs, 5H), 
5.08 (s, 2H). 3.65 (m, 2H), 3.46 (m, 4H). 1.45 (m, 2H). 0.91 (m, 1 H). 

35 

3. f1a.Sa.6a1-3-Benzvloxvcarbor^^ acid 

A solution of the title compound of Preparation B.2 (2.1 g, 8.5 mmol) in acetone (50 ml) was treated dropwise with 
Jones' reagent until an orange color persisted. Isopropanol was then added to quench excess oxidant, and the resulting 
40 mixture was partitioned between water and methylene chloride. The organic layer was dried over sodium sulfate, filtered 
and concentrated to provide the title product as an oil (2.08 g. 8.0 mmol, 94% yield). 1 H NMR (CDCI3): 7.32 (bs. 5H), 
5.08 (S, 2H), 3.72 (m, 2H), 3.50 (bs, 2H), 2.13 (bs, 2H), 1 .47 (t, J=3 Hz, 1 H). 

4- [1fl,5ft.fa]-3-Benzyl<yyc^ 

45 

Diphenylphosphoryl azide (865 p], 4 mmol), triethylamine (1.1 ml. 8 mmol) and the title compound of Preparation 
B.3. (1.0 g, 3.83 mmol) were dissolved in t-butanol (45 ml) and heated to reflux for 18 hours. The solvent was then 
removed in vacuo, and the residue partitioned between water and ethyl acetate. The combined organic layers were 
dried over sodium sulfate and concentrated to provide a residue which was purified by column chromatography (eluant: 
50 40% ethyl acetate in hexane). The title product was obtained as an oil (772 mg, 2.3 mmol, 60% yield). 1 H NMR (CDCI3): 
7.31 (S, 5H), 5.06 (s, 2H), 4.65 (bs, 1H), 3.70 (m, 2H), 3.46 (m, 2H), 2.26 (bs, 1H), 1.67 (bs, 2H), 1.41 (5, 9H). 

5. [1a l fa,M-6-t^-^tQxy^^ 

55 A solution of the title compound of Preparation B.4. (58 mg, 0.1 7 mmol) was treated with palladium on carbon (1 0% 
by weight, 60 mg) and ammonium formate (60 mg, 1 mmol) and heated to 65° for 15 minutes. The reaction mixture was 
then filtered through Super-eel and the filtrate concentrated in vacuo to provide the title product as a solid (28 mg, 0.14 
mmol, 82% yield). 1 H NMR (CDCI 3 ): 4.65 (bs, 1H), 3.14 (d. J=12 Hz, 2H), 2.93 (m. 2H). 2.30 (bs, 1H), 1.59 (bs. 2H). 
1.44 (s, 9H). 
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Example C 

1 . ria.5S.6aV3-Benzvl oxvcarbonYl-54wdroxv>3'azabicvclof4.1 .Qlheptane 

5 A flask containing samarium metal (2.7 g. 18.0 mmol) was flame-dried, then charged with tetrahydrofuran (40 ml). 
A tetrahycfrofuran solution (30 ml) of mercuric chloride (467 mg, 1 .72 mmol) was added and the mixture was stirred for 
ten minutes. After addition of 1-benzytoxycaroonyl-5-hydroxy-1 ,2.5.6-tetrahydropyridine. the flask was cooled to -78°C, 
and chloroiodomethane (1.25 ml, 17.2 mmol) was added dropwisa The mixture was stirred at room temperature over- 
night, quenched with saturated aqueous K 2 C0 3 solution, and extracted with ether. The ether layer was washed with 

10 brine, dried over Mg$0 4 , and concentrated in vacuo to give a yellow oil. This crude material was chromatographed on 
neutral alumina-activity I (eluant: 50% ethyl acetateyhexane), providing the title compound as a colorless liquid (750 mg, 
3.0 mmol, 81% yield). 

'H NMR (CDCI3): 7.34 (m, 5H), 5.10 (s, 2H), 4.21 (bs, 1H), 3.68 (d, J-13.2 Hz, 1H), 3.59 (dd, J-13.4, 5.2 Hz, 1H), 
3.36 (dd, J=13.9, 4.9 Hz, 1H). 3.16 (dd, J=13.9. 5.6 Hz, 1H), 1.44 (m, 1H), 1.32 (bm. 1H). 0.65 (m, 1H). 0.49 (q. J=5.2 
15 Hz, 1H). 

2. na.Sfteal-S-Benzyl-S^ 

To a solution of the compound of Step 1 (3.55 g. 14.36 mmol) in ethanol (150 ml) was added ammonium formate 
20 (2.71 g, 43.1 mmol), followed by addition of palladium on activated carbon (10% palladium content, 456 mg, 4.3 mmol). 
The mixture was stirred at room temperature for 23 hours, then filtered. The filtrate was concentrated on a rotary evap- 
orator to afford the secondary amine (1.62 g, 14.3 mmol, 100% yield). 

To a solution of the above-mentioned secondary amine in methanol (150 ml) was added benzaldehyde (1.6 ml, 
15.8 mmol) and acetic add (0.82 ml, 14 mmol) followed by addition of sodium cyanoborohydride (1 .6 g, 14 mmol). The 
25 mixture was stirred at room temperature overnight. The resulting solution was treated with HCI until the pH value of the 
solution was about 3. A small amount of gas evolution was observed. The solvent was removed in vacuo, and the res- 
idue was treated with aqueous K 2 C0 3 solution (pH > 10) and extracted with methylene chloride. The organic layer was 
washed with brine, dried over magnesium sulfate and evaporated to give the title compound (2.7 g, 13.3 mmol, 93% 
yield). 

30 1 H NMR (CDCI3): 7.34 (m, 2H), 7.25 (m, 3H), 4.16 (m, 1 H), 3.43 (d, J-13.1Hz, 1H), 3.36 (d, J-13.1 Hz, 1H), 2.62 
(d f J=10.8Hz. 1H), 2.52 (dd. J=1 1.3Hz, 5.3, 1H). 2.28 (dd, J=11.8Hz. 4.5. 1H). 2.14 (dd, J=11.8Hz. 4.6, 1H), 1.68 (bs, 
1H), 1.38 (m, 1H), 1.24 (m, 1H), 0.64 (m, 1H), 0.52 (m, 1H). 

3. 3-Benzyl-3-azabicyc|o[4 t 1 ,0]heptan-5-one 

35 

To a solution of cOmethylsulfoxide (4.8 ml, 68.5 mmol) in methylene chloride (150 ml) at -78°C was added oxalyl 
chloride (2.9 ml, 34 mmol). After 15 minutes, the compound of Step 2 (3.4 g, 1 7 mmol) was added slowly at this tem- 
perature. The mixture was stirred at -78°C for 40 minutes. To this solution was added triethylamine (14.32 ml. 102.8 
mmol). The stirring was continued for an additional 5 minutes and the reaction was allowed to warm to room tempera- 

40 ture. The reaction mixture was poured into saturated sodium chloride solution and extracted with methylene chloride. 
The organic layer was washed with brine, dried over magnesium sulfate and evaporated to give the crude material. This 
was purified by silica gel chromatography (eluant: 15% ethyl acetateAiexane). The title compound was obtained as a 
viscous oil (2.23 g, 1 1.1 mmol, 65% yield). 

*H NMR(CDCI 3 ): 7.32-7.21 (m, 5H), 3.50 (d. J-13.2 Hz, 1H), 3.42 (d, J-13.2 Hz, 1H), 3.26 (d, J-18.5 Hz, 1H), 3.09 

45 (d, J=11.1 Hz, 1H). 2.58 (d, J=18.5 Hz, 1H). 2.45 (dd. J=11.1, 1.3 Hz. 1H). 1.92 (q. J=4.6 Hz, 1H), 1.79 (m. 1H) f 1.69 
(m. 1H), 1.06 (m, 1H). 

4. 3-Benzyl-3-azabicyclo[4.1.03heptan>5-one oxime 

50 A solution of the compound of step 3 (2.23 g. 1 1.1 mmol) and hydroxylamine hydrochloride (1.0 g, 14.4 mmol) in 
80% ethanol (1 1 0 ml) was stirred at reflux for 30 minutes. The solvent was removed in vacuo, and the residue was taken 
up in ether. The organic layer was washed with brine, dried over magnesium sulfate and evaporated to give 3-benzyl- 
3-azabicyclo[4.1 .0]heptan-5-one oxime as a viscous yellow oil (2.28 g, 10.6 mmol, 95% yield). 

1 H NMR (CDCI3, mixture of two isomers): 8.75 (br m, 2H), 7.34-7.1 7 (m, 10H), 3.77 (d, J-1 7.8 Hz, 1 H), 3.47 (2 dou- 

55 blets. J=13.2 Hz. 2H), 3.46 (2 doublets, J=13.2 Hz. 2H), 3.43 (m. 1H). 3.15 (d, J=14.0 Hz. 1H). 2.96 (d. J=11.0 Hz. 1H). 
2.73 (d, J-17.8 Hz, 1H), 2.67 (d, J=14.0 Hz, 1H), 2.47 (dd, J-1 1.0, 3.6 Hz, 1H), 2.31 (d, J-1 1.0 Hz, 1H), 2.17 (m, 1H), 
1.71 (m. 1H), 1.43 (m. 2H), 1.36 (m, 1H), 1.05 (m. 1H), 0.99 (m. 1H), 0.76 (m. 1H). 
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5. f1a.5tt.6ttl-3-Benzyl-5-ftert-buto^^^ 

To a solution of the compound ol step 4 (2.28 g, 10.6 mmol) in tetrahydrofuran (50 ml) was added a solution of lith- 
ium aluminum hydride in tetrahydroluran (60.6 mmol). The mixture was heated to reflux for 2 hours and, alter being 
5 cooled to room temperature, was quenched with ethyl acetate ( 1 1 .6 ml) followed by water (2 ml), aqueous NaOH (1 5% 
solution, 6.9 ml) and water (6.9 ml). The resulting precipitate was removed by filtration; the filtrate was diluted with sat- 
urated aqueous sodium bicarbonate and extracted with chloroform. The organic layer was washed with brine, dried over 
magnesium sulfate and evaporated to give the title compound as a viscous yellow oil (1 .95 g, 9.65 mmol, 91% yield). 
This was carried on to the title compound without purification, yj§ one of two routes: 

10 

a) Via di-t-butyl dicarbonate and triethylamine. 

To a solution of 3-benzyl-5-amino-3-azabicyclo[4.1.0]heptane (1.95 g, 9.6 mmol) and di-t-butyi dicarbonate (2.3 g, 
10.5 mmol) in dioxane (90 ml) and water (10 ml) was added triethylamine (1.6 ml, 11 .5 mmol). The mixture was stirred 

15 at room temperature for 5 hours, diluted with saturated sodium bicarbonate and extracted with methylene chloride. The 
organic layer was washed with brine, dried over magnesium sulfate and evaporated to give a yellow oil. This oil was 
chromatographed on silica gel (eluant: 30% ethyl acetate/hexane) to afford the title compound (1.3 g, 4.3 mmol. 4S% 
yield) from the fraction with high R, value (R f 0.82, 30% ethyl acetate/hexane). The fraction with low R, value (Rf 0.68, 
30% ethyl acetate/hexane) provided the [1a,5p,6a] isomer (0.56 g, 1.85 mmol, 19% yield). 

20 1 H NMRfor title compound (CDCI 3 ): 7.31-7.19 (m, 5H), 5.24 (d, J=8.1 Hz, 1H), 3.92 (bs, 1H), 3.38 (d, J-13.2 Hz, 
1H). 3.31 (d, J=13.2 Hz. 1H). 2.95 (dd, J=11.2, 7.6 Hz. 1H), 2.31 (d, J=11.9 Hz. 1H). 2.13 (m, 2H), 1.41 (s, 9H). 1.09 
(m, 1H), 0.95 (m, 1H), 0.63 (m, 1H), 0.26 (m, 1H). 

1 H NMR for [1a,5P,6a] isomer (CDCI 3 ): 7.30-7.20 (m, 5H), 4.70 (bd, 1H), 4.10 (m, 1H), 3.42 (d, J«13.1 Hz, 1H), 
3.34 (d, J=13.1 Hz. 1H), 2.61 (m, 1H), 2.51 (m, 1H). 2.31 (dd. J=1 1.9, 4.9 Hz, 1H), 2.1 1 (dd, J=11.9, 3.5 Hz, 1H), 1.40 

25 (s, 9H), 1.31 (m, 1H), 1.17 (m, 1H), 0.47 (m, 2H). 

b) Via di-t-butyl dicarbonate and sodium hydroxide. 

To a solution of 3-benzyl-5-amino-3-azabicyclo[4.1.0]heptane (518 mg, 2.56 mmol) and cfi-t-butyl dicarbonate (671 
30 mg, 3.58 mmol) in dioxane (15 ml) was added powdered sodium hydroxide (143 mg) followed by addition of water (5 
ml). The mixture was stirred for 1 hour, diluted with water and extracted with ether. The ether layer was washed with 
brine, dried over magnesium sulfate and evaporated to give an off-white solid, which was chromatographed on silica gel 
(eluant 30% ethyl acetate/hexane) to afford the title compound as a white solid (187 mg. 0.619 mmol, 24% yield), the 
[1o.5p.6a] isomer of the title product (144 mg. 0.477 mmol. 19% yield), and a mixture of the title compound and its iso- 
35 mer (263 mg, 0.87 mmol, 34% yield). 

6. [1 g.5a.6a]-5-ftert- Butoxvcarbonyl)amino-3-azabicvclof4. 1 .Olheptane 

To a solution of the title compound of step 5 (1.3 g, 4.3 mmol) in ethanol (50 ml) was added ammonium formate 
40 (0.81 g, 12.9 mmol) followed by palladium on activated carbon (10% palladium content, 0.136 g, 1.29 mmol). The mix- - 
ture was stirred at room temperature for 2 hours, and then filtered. The filtrate was concentrated in vacuo to afford the 
title compound as a white solid (830 mg, 3.9 mmol, 91% yield). 

1 H NMR (CD 3 OD): 3.60 (m, 1H) 3.10 (dd. J*13.1, 5.7 Hz, 1H), 2.83 (d. J=13.1 Hz. 1H), 2.61 (dd. J=13.1. 4.7 Hz. 
1H), 2.27 (dd, J=13.1, 7.1 Hz, 1H), 1.43 (s, 9H), 0.99 (m, 1H), 0.89 (m, 1H), 0.69 (m, 1H), 0.30 (q, J=5.4 Hz, 1H). 

45 

Exampls P 

1. [1a.5B.6a1-5-(tert-Butoxvcarbonvnarrtino-3-azabicvclor4.1 .Olheptane 

50 To a solution of [1a,5p,6a]-3-benzyl-5-(tert-butoxycarbonyl)amino-3-azabicyclo[4.1.0]heptane. obtained as the 
minor isomer from Preparation 0.5, (800 mg, 2.64 mmol) in ethanol (50 ml) was added ammonium formate (500 mg, 
7.92 mmol) followed by palladium on activated carbon (10% palladium content, 837 mg, 0.79 mmol). The mixture was 
stirred at room temperature for 1 .5 hours, then filtered. The filtrate was concentrated in vacuo to afford 570 mg of the 
title compound as a waxy yellow solid (570 mg, > 100% weight recovery). 

65 1 H NMR (CDCI 3 ): 4.80 (bm. 1H), 4.01 (m, 1H), 3.11 (m. 2H), 2.85 (m. 2H), 2.33 (m. 1H). 1.42 (s, 9H). 1.33 (m, 1H). 
1.19 (m, 1H), 0.57 (m, 1H), 0.45 (m, 1H). 
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1» Hfl.6ca ttl-3-Benzyloxvcarb^^ acid, sthvl ester 

5 A solution of benzyl 1,2,5.6-1etrahydropyrkJine-1-carboxylatG (20 g, 92 mmol) in methylene chloride (92 ml) was 
treated with rhodium acetate (1 .2 g, 5.5 mmol)- A solution of ethyl diazoacetate (31 .5 g, 276 mmol) in methylene chlo- 
ride (8.6 ml) was then added over 22 hours, via syringe pump. After completion of the addition, the reaction mixture was 
filtered through celite; concentration of the filtrate provided the title compound, which was used in step 2 without purifi- 
cation. 

io 1 H NMR (CDCI3): 7.32-7.23 (m. 5H), 5.09 (s, 2H). 4:08) (q, J=7.3Hz, 2H), 3.96 (d, J=13.8 Hz. 1 H), 3.55 (dd, J=13 8 
4.1 Hz, t H), 3.45 (bm, 1 H), 3.01 (m, 1 H), 1 .96 (m, 1 H), 1 .78-1 .66 (bm, 3H), 1 .45 ft J=4.3Hz, 1 H), 1 .23 (t, J=7.3 Hz, 3H). 

2. ria.6fl,7 a l-3-Benzv»oxvcarbo^^ acid 

is The title compound of step 1 was dissolved in aqueous dioxane (20% by volume, 200 ml). Powdered sodium 
hydroxide (38 g) was added, and the mixture was stirred at 85°C overnight. After being cooled to room temperature, the 
solution was extracted with ether. The aqueous layer was acidified with sodium bisuHate to a pH of 2 and extracted with 
methylene chloride. The methylene chloride layers were washed with brine, dried over magnesium sulfate and concen- 
trated to afford the title compound (13.09 g, 47.5 mmol. crude). This material was utilized in the next reaction step with- 

20 out purification. 

1 H NMR (CDCI3): 7.32-7.23 (m. 5H), 5.09 (s, 2H), 3.96 (d, J=13.8 Hz, 1H). 376 (m, 1H), 3.56 (dd. J=13.8, 3.9 Hz, 
1H). 3.47 (m. 1H). 3.02 (m. 2H). 1.96 (m. 1H), 1.75 (m. 1H), 1.46 (t. J=3.9 Hz. 1H). 

3. ria.eqJal-S-BenzYloxvcarb^ 

25 

A mixture of the compound of step 2 (13.09 g, 47.5 mmol) and triethylamine (7.28 ml. 52.2 mmol) in acetone (150 
ml) was cooled to 0°C; ethyl chloroformate (5.4 ml, 57.0 mmol) was added dropwise. The mixture was stirred at 0°C for 
30 minutes. A solution of sodium azide (30.85 g, 475 mmol) in water (70 ml) was then added slowly. After an additional 
2 hours, the mixture was diluted with water and extracted with ether. The ether layer was washed with brine, dried over 
30 magnesium sulfate and concentrated in vacuo to give the acyl azide (7.90 g, 26.3 mmol, crude) which was used directly 
in the next reaction. 

A solution of the acyl azide in toluene (150 ml) was added dropwise to a toluene solution (150 ml) of t-butanol (30 
ml) and pyridinium tosylate (9 mg) at 100*0. After completion of the addition, the reaction mixture was maintained at 
100°C for 12 hours. The reaction mixture was concentrated in vacuo, and the residue was chromatographed on silica 
35 gel (eluant: 20% ethyl acetate/hexane), providing the title compound as a viscous yellow oil, (2.4 g, 6.9 mmol, 7.5% 
yield from benzyl 1.2,5.6-tetrahydropyridine-1-carboxylate). 

'H NMR (CDCI3): 7.31 (m, 5H), 5.08 (s, 2H), 4.72 (bs, 1H), 3.88 (bd, J=13.5 Hz, 1H), 3.62 (bm, 1H), 3.32 (bm, 1H), 
3.00 (bm, 1H). 2.27 (bm, 1H), 1.94 (m, 1H), 1.77 (m. 1H). 1.41 (s. 9H). 1.19 (m, 2H). 

40 4. ria.6q7a1-7-ftert-Butoxvcarrx^ .Olheptane 

To a solution of the compound of step 3 (2.3 g, 6.6 mmol) in ethanol (100 ml) was added ammonium formate (1 .24 
g, 19.8 mmol) followed by palladium on activated carbon (10% palladium content, 2.09 g. 1.9 mmol). The mixture was 
stirred at 60°C for 1 hour and then at room temperature overnight. The reaction mixture was filtered, and thefiHrate was 
<5 concentrated in vacuo to afford the title compound as a viscous, pale yellow oil (1.38 g, 6.51 mmol, 91% yield). 

1 H NMR (CD3OD): 3.20 (dd, J=13.2, 5.8 Hz. 1H). 2.97 (dd, J=13.2, 1.5 Hz. 1H). 2.45 (m. 1H). 2.43 (m, 1H), 2.33 
(m, 1H), 1.92 (m, 1H), 1.72^, 1H), 1.43 (s, 9H), 1.11 (m, 1H), 1.03 (m, 1H). 

The following examples illustrate the invention. 

so Sample 1 

A. 7-(Htt.5tt.6ff1-6-1ert-Butoxvcafo^ 
4-oxo-1.8-naomhvridine-3-carboxvlic a cid, ethyl ester 

55 A solution of [1 a.5a,6a]-6-tert-butoxycarbonylamino-3-azabicyclo[3. 1 .0]hexane (200 mg, 1 .01 mmol) in acetonitrile 
(35 ml) and triethylamine (5 ml) was treated with the ethyl ester of 7-chloro-6-fluoro-1-(2,4-difluorophenyl)-1.4-dihydro- 
4-QXO-1 ,8'naphthyridine-3-carboxylic acid (385 mg, 1.01 mmol) and heated to 90° for 18 hours. Removal of solvent in 
vacuo gave a residue which was partitioned between ethyl acetate and water. The organic layer was treated with acti- 
vated charcoal, filtered, and concentrated; the residue was then subjected to column chromatography (eluant: 5% 
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methanol in chloroform). The material thus obtained was recrystallized from diethyl ether to give the title product m.p. 
256-258*. (296 mg, 0.54 mmol, 54% yield). 1 H NMR (CDCfe): 8.35 (s, 1H), 8.06 (d, J-13 Hz, 1H), 7.37 (m, 1H), 7.05 
(m. 2H), 4.72 (vbs. 1 H), 4.37 (q. J=7 Hz. 2H). 3.81 (vbs. 2H). 3.55 (bm. 2H). 2.26 (bs. 1 H). 1 .78 (bs. 2H). 1 .43 (s, 9H), 
1.38(t,J=7Hz, 2H). 

B. 7- ([1tt.5a.6a1^Amino-3^zabicvcld3. 1.01-3^ 
ine-3-carboxvlic acid, hydrochloride salt 

The title compound of Example 1 .A (250 mg, 0.46 mmol) was dissolved in hydrochloric acid (6N, 20ml) and heated 
to reflux for 24 hours. The solvent was then removed in vacuo, and the residue trituratad with acetonitrile, washed with 
diethyl ether and recrystallized from acetonitrile-methanol. The title product was obtained as a pale yellow solid, mp 
246° with decomposition (116 mg. 0.26 mmol, 57% yield). 1 H NMR (Methanol-d 4 ): 8.68 (s. 1H). 7.96 (d. J=13 Hz. 1H), 
7.57 (m, 1H), 7.22 (m, 1H), 7.14 (m, 1H), 3.82 (vbs, 2H), 3.62 (vbs, 2H), 2.37 (bs, 1H), 2.03 (bs, 2H). 

Example 2 

A. 7-( 1 •tert-ButoxYcarbonvlam ino-3-azabicvclor4. 1 .01heot-3-vlV6-f luoro- 1 -(2.4-dif luorophenvIM 4-dihY dro-4-oxo-1 .8- 
naphthyridine-3'Carboxylic acid, ethyl ester 

A solution of 1-tert-butoxycarbonylamino-3-azabicyclo[4.1 .0]heptane (200 mg, 0.94 mmol) and the ethyl ester of 7- 
chloro-6-fluoro-V(2,4<Jifluorophenyl)M.4<lihydro-4-oxo-1,8-naphthyr acid (327 mg. 0.85 mmol) in 

acetonitrile (12 ml) was heated at reflux for 3 hours. Solvent was removed in vacuo , and the residue was chromato- 
graphed on silica gel (eluant: 50% ethyf acetate/hexane) to afford the title product as an off-white solid (423 mg, 0.758 
mmol. 88% yield). 

1 H NMR (CDCI 3 ): 8.33 (s, 1H), 8.02 (d, J-13 Hz, 1H), 7.33 (m, 1H), 7.01 (m, 2H), 4.83 (bs, 1H), 4.35 (g, J=7 Hz, 
2H).4.11 (bd, J=13Hz, 1H). 3.52 (bm, 2H),3.09(bm, 1H). 1.99 (bm, 1H). 1.58 (bm. 1H), 1.40 (s, 9H), 1.35 (t, J=7 Hz, 
3H), 0.78 (dd, J=12,6 Hz, 1H), 0.42 (t, J=4 Hz, 1H). 

B. 7-f 1-Amino-3-azabicvck>r4.1 .01heot-3-vn-64luoro-1 -(2.4<Jjfluoroohenvn-1 ■4-dihvdro-4-oxo-1 .8>naphthvridine-3-car- 
boxylic acid, hydrochloride salt 

A solution of the compound of step A (300 mg, 0.54 mmol) in ethyl acetate (6 ml) and 3N hydrochloric acid (6 ml) 
was heated to reflux overnight. Solvents were removed in vacuo, and the residue was recrystallized from methanoi-ace- 
tonitrile to give the title product as a white solid, mp 192°C (decomp.) (155.5 mg, 0.338 mmol, 62% yield). 

1 H NMR (DMSO-d 6 ): 8.86 (s, 1H), 8.16 (d, J=13.7 Hz, 1H), 7.80 (m, 1H), 7.60 (m, 1H), 7.34 (m, 1H), 4.04 (dd, 
J=13.8. 8.2 Hz. 1H), 3.87 (dd. J=13.8. 9.2 Hz, 1H), 3.40 (m, 1H). 3.18 (m. 1H). 1.97 (m. 1H). 1.46 (m. 2H). 1.10 (m. 1H). 
0.64 (m, 1H). 

Example 3 

A. 7-f 1 •tert-Butoxvcarbonvlamino-3-azabicvdor4. 1 .01hept-3-v»-1 -cvdooropvl-6-fluoro-l .4-dihvdro-4-ox o<auinoline-3- 
carboxytic ac i d 

According to the procedure of Example 2A, l-tert^oxyc»rbOTVIamirK>3-azabk?yclo[4.1.0]heptane (270.0 mg, 
1.27 mmol) and 1-cydopropyl^,7-difluoro-1.4-dih^^ acid (275.6 mg, 1.03 mmol) were 

reacted to generate the title compound (304.2 mg, 0.666 mmol. 65%). 

1 H NMR (CDCI3): 8.70 (s, 1H), 7.93 (d, J=13.3 Hz, 1H), 7.28 (m, 1H), 5.03 (bs, 1H), 3.82 (m, 1H), 3.46 (m, 3H), 
3.19 (bm, 1H). 2.24 (bm. 1H). 1.93 (bm, 1H), 1.63 (bm. 1H). 1.43 (s, 9H), 1.37 (m, 2H). 1.16 (bs, 2H). 0.94 (dd, J=9.7. 
5.5 Hz, 1H), 0.80 ft J=6.0 Hz, 1H). 

B. 7-f1-Amino^azabicvctor4.l.o^ add. 
hydrochloride salt 

According to the procedure of Example 2B, the compound of Step A (287.2 mg, 0.63 mmd) was converted with 
hydrochloric add to provide the title compound, mp 235 a C (152.4 mg, 0.387 mmol. 62% yield). 
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Pvamnlo A. 

^. r .v . 

A. 7-f1-tert-B utoxyGaitx)n^ 
iine-3-cartoxyiicacid. eiher esty 

According to the procedure of Example 2A, 1-tefi4xJtoxycartx>ny!arnino-3-azabicyclo[4.1.0]heptane (270 0 mg, 
1 .27 mmol) and 6,7 dtfluoro-1-(2,4-drtluoropherTyl)-1 ( 4<fihydro^-c>xo^ii^ine-3-carboxylic acid, ethyl ester (463.6 mg, 
1 .27 mmol) were reacted to generate the tile compound (333.3 mg, 0.59 mmol, 47% yield). 

*H NMR (CDCy: 8.24 (s, 1 H), 7.92 (d, J=14 Hz. 1H), 7.54 (m, 1H). 7.13 (m. 2H), 6.03 (m, 1H), 4.99 (bs, 1H). 4.31 
(q. J=7 Hz, 2H). 3.46 (m. 1H). 3.14 (m. 2H), 2.86 (m, 1H). 2.09 (bm, 1H). 1.77 (m, 1H), 1.38 (m. 13H), 0.84 (dd, J=9. 6 
Hz, 1H),0.71 (m, 1H). 

B. 7-( 1 -Amin o-3-azabicyclo[4.1 .01hept-3-yn-6-f luoro-1-(2.4>dif luorophenylVI .4Kiihvdro-4-oyo-quinolin9-3-carboxvl}c 
acid, hydrochloride saM 

According to the procedure of Example 2B, the compound of Step A (333.3 mg, 0.59 mmol) was converted with 
hydrochloric acid to provide the title product rnp 223°C (decomp), (128.5 mg, 0.276 mmol, 47% yield). 

1 H NMR (DMSO-d 6 ): 8.84 (s, 1 H), 7.98 (d, J-13.5 Hz, 1H), 7.93 (m, 1 H), 7.75 (m, 1H), 7.46 (m, 1 H), 6.22 (d, J-7.3 
Hz, 1H), 3.62 (d, J=12.3 Hz. 1H), 3.40 (dd, J=12.3. 3 Hz, 1H), 3.15 (m, 1H), 2.93 (m, 1H). 2.10 (m. 1H), 1.63 (m, 1H). 
1.52 (m, 1H), 1.14 (dd, J-10.4, 5.7 Hz, 1H), 0.71 (m, 1H). 

Example 5 

A. 7^M a.5a.6a1-Stert-Butoxvcarbonvlamino>3>azabicvclor4. 1 .01hept-3-vl)-6^luoro-1»(2.4>difluoroohenvlM .4-dihvdro- 
4>oxo-1.8'naphthvridine-3-carboxYlic acid, ethvl ester 

According to the procedure of Example 2A, [1a,5a,6a]-5-tert-butoxycaitK^ 
(122 mg, 0.57 mmol) and the ethyl ester of 7-chloro-6-fluoro-1 -(2,4-difluorophenyl)-1 ,4Hjihydro-4-oxo-1,8-naprTthyrid- 
ine-3-carboxylic acid (21 8 mg, 0.57 mmol) were reacted to generate the title product (205 mg, 0.367 mmol, 64% yield). 

*H NMR (CDCl 3 ): 8.36 (s, 1H), 8.09 (d. J-13.8 Hz, 1H), 7.37 (m, 1H), 7.05 (m, 2H), 4.75 (m, 1H), 4.36 (q, J-7 Hz, 
2H). 3.87 (m, 2H), 3.46 (m, 2H), 3.20 (m. 1H), 1.43 (s, 9H), 1.36 (t, J=7 Hz. 3H), 1.08 (m, 2H). 0.73 (m. 1H). 0.24 (m. 
1H). 

B. 7-fl1fl,5a,6 fl ]-5-Amino-3-azabfc^ 

ridine-3-carboxylic acid, hydrochloride sail 

According to the procedure ol Example 2B, the compound of Step A (155 mg, 0.27 mmol) was converted with 
hydrochloric acid to provide the title product, mp 200-2 10°C (decomp) (50.1 mg. 0.1 1 mmol, 40% yield). 

*H NMR (D a O): 8.83 (bs, 1H), 7.88 (bm, 1H), 7.60 (bm, 1H), 7.29 (bm, 2H), 3.9-3.6 (m, 5H), 1.38 (bm, 1H), 1.24 
(bm, 1H), 0.92 (bm, 1H), 0.42 (bm, 1H). 

Example 6 

A. 7^rig.5q.6a1-5-tert-Butoxvrarbonvlam^ .4-dihvdro-4-oxo- 
1,8-rrapfrtrTyrjdin^ acjd, ethyl ester 

According to the procedure of Example 2A, [1a,5a,6a]^-tert-butoxycartx>^ 
(150 mg. 0.7 mmol) and the ethyl ester of 7-chloro-1-(^dopropyI^luoro-1^^ 

boxylic acid (21 7.3 mg, 0.7 mmol) were reacted to generate the title product (230 mg, 0.47 mmol, 67% yield). 

1 H NMR (CDCI3): 8.47 (s. 1H), 8.06 (d, J==13.2 Hz. 1H) 5.33 (bs. 1H). 4.35 (q. J=7.3 Hz. 2H). 4.20 (m, 1H). 4.11 (m, 
1 H), 3.79 (m, 2H), 3.55-3.35 (m, 2H), 1 .41 (s, 9H), 1 .37 (t, J-7.3 Hz, 3H), 1 .21 (m, 4H), 0.98 (m, 2H), 0.81 (m, 1 H), 0.34 
(m, 1H). 

B. 7-ff 1a.5a.6a1-5-Amino-3-azabicvclof4.1 .01heot-3-vlV1 -cvcloproovl>6>1luoro>1 .4<tihvdro-4-oxo-1 .8-naphthyridine>3- 
carboxvlic acid, mesylate salt 

According to the procedure of Example 2B, the compound of Step A (220 mg, 0.45 mmol) was converted with 
methanesulfonic acid in dioxane (1 5 ml) and water (1 5 ml) to provide the title compound, mp > 260°C (1 53.8 mg. 0.339 
mmol, 75% yield). 
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1 H NMR (D 2 0): 8.58 (s. 1H), 7.72 (d, J=12.6 Hz, 1H), 4.33 (bm, 1H), 4.08-3.84 (m, 5H). 2.81 (s, 3H), 1.55 (m, 1H), 
1.33 (bs, 3H), 1.07 (bs, 3H), 0.60 (bs, 1H). 

Example 7 

A. 7-(f1«.5tt.6ttl-5>tert-Butoxvcarb^ 
quinoljne-3-carboxylic acid 

According to the procedure of Example 2A, [1a,5a,6a]-5-tert-butoxycarto^ 
(187.8 mg, 0.88 mmol) and 1-cyclopropyl-6.7^Hluoro-1,4<iihydro-4-ox acid (210 mg, 0.79 

mmof) were reacted to generate the title product, mp 167°C (195 mg, 0.426 mmol, 48% yield). 

B. 7-(ri«.5<x.6tf1-5-Amino-3-azabicYclof4.1 .01heot-3-vn-1-cYdoDropyl^luoro-1 .4-dihvdro-4-oxo<!uinoline-3-carboxy- 
Itc acid, hydrochloride salt 

According to the procedure of Example 2B, the compound of step A (195 mg, 0.43 mmol) was converted with 
hydrochloric acid to provide the title product, mp 210°C (decomp.) (1 13.4 mg, 0.289 mmol, 67% yield). 

1 H NMR (D 2 0): 8-53 (bs, 1H), 7.47 (m, 2H), 4.00 (bs, 1H), 3.88 (m, 1H), 3.68-3.40 (m, 3H), 3.21 (m, 1H), 1.62 (m, 
1H), 1.44 (m, 2H), 1.37 (m. 1H), 1.18 (m, 2H), 1.09 (m, 1H), 0.73 (m, 1H). 

Example 8 

A. 7-([1tt.5tt.6«]-5-tert-BtJtox^^ 

QXQ-qMinolin^-g-^rbQXYlig 3Qiti 

According to the procedure of Example 2A, [1a,5a, 6a]-5-tert-butoxycarboriylamin^ 
(200 mg, 0.94 mmol) and 1-cydopropyt-67,8-trifluoro-1^ acid (313 mg, 0.94 

mmd) were reacted to generate the title product (290 mg, 0.61 mmol, 65% yield). 

1 H NMR (CDCI3): 8.74 (s. 1 H). 7.84 (d. J=1 1 .6 Hz, 1H). 4.98 (m. 1H), 4.04 (m. 1 H). 3.93 (m, 1 H), 3.70 (dd, J=12.3. 
5.6 Hz, 1H), 3.40 (d, J=12.3 Hz, 1H), 3.32 (m, 1H), 2.89 (m, 1H), 1.39 (s, 9H), 1.24 (m, 2H), 1.12 (m, 2H), 1.04 (m, 1H), 
0.79 (m t 1H), 0.51 (m, 1H), 0.29 (m. 1H). 

B. 7- ([1a.5a.6a1-5-Amino^-azabicvdo^ 
box ytic acid, m es ylate salt 

According to the procedure of Example 2 B, the compound of step A (290 mg, 0.61 mmol) was converted with meth- 
anesulfbnic acid in dioxane (1 0 ml) and water (1 0 ml) to provide the title product, mp > 250°C (51 . 1 mg, 0. 1 1 mmol, 1 8% 
yield). 

1 H NMR (DjO-NaOH): 8.50 (s, 1H), 7.66 (d, J=12.4 Hz, 1H), 4.01 (m, 1H), 3.68 (m, 1H), 3.45 (d, J=11 .6 Hz, 1H), 
3.30 (d, J=1 1.6 Hz, 1H), 3.22 (m, 1H), 2.83 (s, 3H), 2.79 (m, 1H), 1.23 (m, 2H), 1.10 (m, 2H), 0.98 (m, 1H), 0.74 (m, 
1H), 0.46 (m. 1H), 0.22 (m, 1H). 

Example 9 

A. 7-(f 1 a.5a.6a1-5-t6i1-ButoxYcarbonvlamino-3-azabicydor4. 1 .01heot-3-vlV5-amino-1 •cydopropvl-6.8-dif luoro-1 .4- 
dihydro-4-oxo-quinoline-3-carbQxyliq acid 

According to the procedure ol Example 2A. [1a.5a,6a-Stert-butoxycartx)nylan^no-3-azabicydo[4.1.0]heptane 
(110 mg, 0.52 mmol) and 5^minoO<yc!opropyI-6,7,8-trffluoro-1,4<H^ acid (140 mg, 

0.46 mmol) were reacted in dimethylsulfoxide to generate the title product (220 mg, 0.45 mmol, 98% yield). 

1 H NMR (DMSO-de): 8.4S (s, 1H), 7.25 (bs, 1H), 7.10 (d. J=7 Hz, 1H), 4.00 (m, 1H), 3.72 (m, 1H), 3.61 (bd, J-10 
Hz, 1H), 3.47 (d, J=12 Hz, 1H), 2.76 (t, J=10 Hz, 1H), 1.38 (s, 9H), 1.16 (m, 1H), 0.97 (m, 1H), 0.69 (m, 1H), 0.35 (m, 
1H). 

A. 7-fn«.5a.6«V5-Amino-3-azabicvclof4.1 Olheot-S-vn-S-amino-l-cvclODroovl^.a^Hluoro-l .4-dihydro4-oxo>Cfuino- 
line^arbQxylic qgd, hydrQchloride salt 

According the the procedure of Example 2B, the compound of step A (220 mg, 0.45 mmol) was converted with 
hydrochloric acid to provide the title product, mp > 238°C (76.5 mg, 0.18 mmol, 40% yield). 
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1|4 K\kA D /Pifc (ton j rr\ rw. a /•_ * i n #« mm. « - ■ .x . 

.^."^-Me-u^/.o.ow^. .n/.o.^tm, in/, j.t* t m, inj, 3.47 (m, 2H), 3.01 (m, 2H), 1.32 (m, 1H), 1 07 
(m, 5H), 0.81 (m, 1H), 0.53 (m,1H). ' 



Example 10 



* 7-(ri g , 5B , ta1-S.tefrB|itoxvfflitx)n^ 

4-QX0-1.8-naphlhvridin 6 .3- Cfll hn»viin aC id. ethvl ftSto ^" Y ^ n 

According to the procedure of Example 2A. [1a3.6a]*tert-butoxycarbonylamino-3-azabicycloI4.1 Olheptane 
(212 i .0 mmol) and the ethyl ester of 7-chloro-6-fluoro.1 -(2.4-dif borophenyl)-1 .4-dihydro-4-oxo-1 ,8-naphthyridine- 
u??!!!*? IP' 3 m9, 0 95 mm0 ° Were reacted 10 9enera1e 1,18 m ***** (389 0-70 mmol, 73% yield) 

" ( 2 CW: 835 <Sl 1H) ' 8 08 (d> J=13 1H) ' 7 35 (m ' 1H) " 705 < m - 2H >- 458 («* I"). 436 (q J=7 Hz 
52' 12 m> S' 3 - 80 ^' 1H >.3-45(m, 1H),3.30<m l 1H) > 1.44 (bs, 10H). 1 .38 (t J-7 Hz. 3H), 1.22 (m, 1H) 0.54^ 
In;, U.2t> (m. In). 

B. 7 " ff 1 g , 5 -fffl^ Am ^ 4 - dihvrtrn.4-nvn.1 «-n 3 n Hh Y- 

ndine-3-CaibQXvhc acid hvrtrnrhlnrjflp safl 

According to the procedure of Example 2B. the compound of step A (383.4 mg. 0.68 mmol) was converted with 
hydrochlonc acid to provide the title product mp >200°C( 173.1 mg, 0.377 mmol 55%yield) 

H NMR (D z O): 8.85 (s. 1H). 7.95 (d. J=12.8 Hz. 1H). 7.60 (m, 1H). 7.32 (m, 2H). 4.03 (m. 1H). 3.96-3 73 (m 2H) 
3.53 (m.2H).1.55(m.1H). 1.46 (m.1H).0.84(m,1H). 0.56 (m.1H). 

Example U 

A. 7^1ft . 5g , 6y]-5-tfirt-PlltoxY^ 
auinoline-3-caiboxylic a $id 

/^ ACC °l d L" 9 10 ^ P rocedurs rt Exam P le 2A- [l^teH-tert-butaxyeabory^ 

(1 33 mg, 0.62 mmol) and 1 -cydcpropyl-6,7-dif luoro-1 .4<lihydro^oxo-quinoline-3-carboxylic acid (1 64 mg, 0 62 mmoD 
were reacted to generate the title product (99.6 mg, 0.218 mmol. 35% yield) 

<U v o H « MR (CDCW: 8 72 (S> 1H) ' 7 96 (d ' J=13 - 3 1H >' 7 M (d. J=7-2 Hz, 1H). 4.82 (bd, J=7.6 Hz, 1H), 4 28 (m 
1H). 3.58 (m. 3H). 3.30 (m. 1H). 3.12 (m. 1H). 1.44 (m. 13H). 1.15 (m. 2H). 0.71 (m. 1H). 0.62 (m. 1H). 

!' J'^^^^y 111 '" 0 ^^^^^^ 4 - 1 ■0lhen1-3-Vn-1-CVdonrOOVl-6.fluo.TVl 4-rfih^m ^ Mninnlino.a.^ vy^ 

According to the procedure of Example 2B. the compound of step A (99 mg. 0.21 mmol) was converted with hydro- 
chloric aad to provide the title product, mp 252X (decomp.) (32 mg, 0.081 mmol, 38% yield) 

2H). 1.41 (m. 2H). 1.24 (m. 2H). 1.00 (m. 1H). 0.81 (m, 1H). 

Example 12 

A 7-(na , 6<x , 7al-7-tert-Butoxy(M 4-djfluomnhPnvi)-i ^.hy ^n. 

4-QXO-1. 8-napnthvridinft-a.^rtvf^viic acid eflttl 

«^ ACCOrdin9 10 ^ P rocedure °» 2A. (^6a.7a]-7-tert-butoxyca/t»rwlam^^ 

(300 mg, 1.41 mmol) and the ethyl ester of 7-chloro-6-fluoro-1-(2,4^ifluor^ 

ine-3- carboxylic acid (535.3 mg. 1 .40 mmol) were reacted to generate the title product (780 mg 1 39 mmof 99%) 
H NMR (CDCy: 8.40 (s. 1H), 8.12 (d, J-13 Hz, 1H), 7.43 (m. 1H). 7.09 (m, 2H). 4.70 (m, 1H). 4.43 (q. J-7 Hz 

o2' 3 '!! ? ^f,^^' 370 (m ' 1H) ' 340 (m> 1H)> 310 (m ' 1H) ' 228 f m ' 1H >' 1 " ( m ' 1H >- 1 S 2 (m, 1H). 1.45 (s! 
an), 1.42 (t, J=7 Hz, 3H), 1.21 (m, 2H). 

thyridine-3-carboxvlic acid, hydrochloride salt 9tJ ~ 

According to the procedure of Example 2B. the compound of step A (283 mg. 0.51 mmd) was converted with 
hydrochlonc acid to provide the title product mp 204°C (decomp.) (150 mg, 0.322 mmol, 63% yield). 
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1 H NMR (D 2 0): 8.81 (s, 1 H), 7.76 (d, J=13.5 Hz, 1 H), 7.57 (m, 1 H), 7.29 (m t 2H), 4.01 (d, J-14.9 Hz, 1 H), 3.81 (bd, 
J=13.3 Hz, 1H), 3.45 (m, 1H), 3.20 (m, 1H), 2.50 (bs, 1H), 2.05 (m, 1H), 1.79 (m, 1H), 1.61 (bs, 2H). 

B.2 7-qitt.6tt7a]-7-Amino-3-azabic^^ 
thyridine-?-cafboxy|ic acjd, mesylate salt 

According to the procedure of Example 2B. the compound of step A (770 mg, 1 .37 mmol) was converted with meth- 
anesulfonic acid in dioxane (1 0 ml) and water (1 0 ml) to provide the title product, mp 21 9°C (decomp.) (249.5 mg, 0.474 
mmol. 35% yield). 

1 H NMR (D 2 0-NaOH): 8.35 (s, 1H), 7.93 (d, J=13.4, 1H), 7.54 (m. 1H), 7.24 (m, 2H), 3.85-3.60 (m. 2H). 3.33 (m, 
1 H), 3.06 (m, 1 H), 2.85 (s, 3H), 1 .95 (m, 2H), 1 .63 (m, 1 H), 1 .00 (bs, 2H). 

Example 13 

A. 7- ([1«.6a.7g]-74ei1-Butoxvcarbonylamino-3-azabicydor4.1.01hep1-3-vl)-1 -cyclopropvl-6-fluoro-1 ,4<Jihvdro-4-oxo 
1.8-naphthvridine-3-caifooxylic acid ethyl ester 

According to the procedure of Example 2A, [1a,6a,7a]-7-tei1-butoxycart>onylamino-3-azabicyclo[4.1.0]heptane 
(325 mg, 1.53 mmol) and the ethyl ester of 7-chloro-1^ctopropyl-6-fluo^ car- 
boxylic acid (402 mg, 1 .29 mmd) were reacted to generate the title product (609 mg, 1 .25 mmol, 97% yield). 

1 H NMR (CDCI3): 8.44 (s, 1H), 8.02 (d r J=13 Hz, 1H), 4.77 (bs, 1H), 4.35 (q, J=7 Hz, 2H), 4.25 (d, J=13 Hz, 1H), 
3.92 (m, 1H), 3.65 (m. 1H), 3.48 (m. 1H), 3.27 (m, 1H), 2.34 (m. 1H). 2.10 (m, 1H). 1.95 (m, 1H), 1.40 (s, 9H), 1.37 (t. 
J=7 Hz, 3H), 1.26 (m, 2H), 1.19 (m, 2H), 0.99 (m, 2H). 

B 7-(f 1 a.6a.7aV7-Amino-3-azabicy)o[4. 1 .01hept-3-vh-1 -cvclopropvl-6-f luoro- 1 .4-dihvdro-4-oxo-1 .8-naphthvridine-3- 
carboxylic acid, hydrochloride salt 

According to the procedure of Example 2B, the compound of step A (585 mg, 1.20 mmol) was converted with 
hydrochloric acid to provide the title product, mp 180°C (decomp.) (265.7 mg, 0.675 mmol, 56% yield). 

1 H NMR (DMSO-d 6 ): 8.58 (s, 1H), 8.40 (bs, 2H), 8.02 (d, J=13.6 Hz, 1H), 4.19 (d, J=14.1 Hz, 1H), 4.06 (dd, J=13.8, 
5.2 Hz. 1 H). 3.73 (m, 2H), 3.37 (m, 2H), 2.49 (m, 1 H). 2. 16 (m, 1 H), 1 .84 (m, 1 H). 1 .66 (m, 1 H), 1 .58 (m, 1 H), 1 .19 (m, 
2H), 1.10 (m, 2H). 

Claims 

Claims for the following Contracting Slates : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

1. A compound of the formula 




or a pharmaceutically acceptable acid addition salt thereof, wherein 

R 1 is hydrogen, a pharmaceutically acceptable cation, or (C-i -C € ) alky I; 

Y when taken independently, is ethyl, t-butyl, vinyl, cyclopropyl, 2-fluoroethyl, p-f luorophenyl, or o.p-dif luor- 
ophenyl; 

W is hydrogen, fluoro. chloro, bromo. CyC+ alkyl. CyC A alkoxy, amino or aminomethyl; 
A is CH, CF, CC1 , COCH3, C-CH 3 , C-CN or N; or 
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a live or six membered ring which may contain oxygen or a double bond, and which may have attached thereto R 8 
which is methyl; 
and R 2 is 



wherein R 3 , R 4 , R 5 , R 6 , R 7 . R 9 and R 25 are each independently H, CHq, Ch^NKfe, CH2NHCH3 or CH2NHC2H5, and 
R 5 , R 6 , R 7 and R 9 may also be independently be NHg, NHCH 3 or NHC 2 H 5 , provided that not more than three of 
R 3 . R 4 . R 5 . R 6 , R 7 R 9 and R 25 are other than hydrogen and if three of these substitutes are not hydrogen, at least 
one ol them is methyl; or wherein R 1 is hydrogen or a pharmaceutically acceptable cation, Y is o.p-difluorophenyl, 
WisH, AisNandR 2 is 



and produgs of those compounds of formula I having free amino groups, these prodrugs comprising an amino acid 
residue or a polypeptide chain of two or more amino acid residues which are covalently joined through peptide 
bonds. 

2. A compound according to claim 1 , characterized in that R 1 and W are each hydrogen. 

3. A compound according to claim 1 or 2, characterized in that A is CH or N, or A is carbon and is taken together with 
Y and the carbon and nitrogen to which A and Y are attached to form a six membered ring as follows: 



4. A compound according to claim 3, characterized in that A is N. 

5. A compound according to anyone of claims 1 to 4, characterized in that one or two of R 3 , R 4 . R 5 , R 6 , R 7 R 9 and 
R 25 are other than hydrogen. 

6. A compound according to claim 5, characterized in that one of R 3 R 4 , R 5 , R 6 , R 7 or R 9 is CHgNHg or CH2NHCH3, 
and, optionally, another of R 3 , R 4 , R 5 , R 6 , R 7 or R 9 is methyl; or one of R 5 , R 6 , R 7 or R 9 is NHg or NHCH 3 and, 
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optionally, another of R 5 , R 6 , R 7 or R 9 or one of R 3 or R 4 is methyl. 

7. A compound aocording to claim 6, characterized in that R 6 , R 7 or R 9 is amino and, optionally one of R 3 R 4 , R 5 , R 6 , 
R 9 or R 25 is methyl. 

8. A compound according to claim 7, characterized in that R 7 is amino and optionally, one of R 3 , R 4 , R 5 , R 6 , R 9 or R 25 
is methyl. 

9. A pharmaceutical composition comprising a compound of the formula (I) according to any one of claims 1 to 8 or a 
pharmaceutically acceptable acid addition salt thereof and a pharmaceutically acceptable diluent or carrier. 

10. A compound of the formula (I) as claimed in anyone of claims 1 to 8 or a pharmaceutically acceptable acid addition 
salt thereof for use as a medicament 

1 1 . The use of a compound of the formula (I) as claimed in any one of claims 1 to 8 or ol a pharmaceutically acceptable 
acid addition salt thereof for the manufacture of an antibacterial agent. 

12. A compound of formula: 




Claims for the following Contracting State : ES 

1 . A process for preparing a compound of the formula 

f nAA/ COjr1 

Y 

or a pharmaceutically acceptable acid addition salt thereof, wherein 

R 1 is hydrogen, a pharmaceutically acceptable cation, or (C r C 6 ) alky I; 

Y when taken independently, is ethyl, t-butyl, vinyl, cyclopropyl, 2-fluoroethyl, p-fluorophenyf, or o,p-difluor- 
ophenyl; 

W is hydrogen, fluoro, chloro, bromo, CrC 4 alkyi. CrC 4 alkoxy, amino or arm'nomethyl; 
A is CH, CF. CC1, COCHa, C-CH 3 , C-CN or N; or 

A is carbon and is taken together with Y and the carbon and nitrogen to which A and Y are attached to form 
a five or six membered ring which may contain oxygen or a double bond, and which may have attached thereto R 8 
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win c n is i n ethyl j 
and R 2 is 




wherein R 3 , R 4 , R 5 , R 6 , R 7 , R 9 and R 25 are each independently H, CHg, CHjNHg, CI-feNHCHj or CH 2 NHC 2 H 5l and 
R 5 , R 6 , R 7 , and R 9 may also be independently be Nhfe, NHCH 3 or NHC^Hs, provided that not more than three of 
R 3 , R*. R 5 , R 6 , R 7 R 9 and R 25 are other than hydrogen and if three of these substitutes are not hydrogen, at least 
one of them is methyl; or wherein R 1 is hydrogen or a pharmaceutical^ acceptable cation, Y is o,p-dif luorophenyl, 
Wis KAisNand R 2 is 




and produgs of those compounds of formula I having free-ami no groups, these prodrugs comprising an amino acid 
residue or a polypeptide chain of two or more amino acid residues which are covalently joined through peptide 
bonds, characterized by reacting a compound of the formula 




Y 



wherein, A, W and Y are as defined above, R 1 is hydrogen or (CrCeJalkyl and X is a leaving group, with a com- 
pound of the formula R 2 H wherein R 2 is as defined above, and also includes the N-protected groups of Nh^, 
CH 2 NH2, NHCH3, CH2NHCH 3 . NHC2H5 and CH2NHC2H5, and, if desired, reacting with an acid to form a pharac- 
eutically acceptable acid addition salt, or, when R 1 is hydrogen, reacting with a base to form a compound wherein 
R 1 is a pharmaceutical^ acceptable cation, or reacting with an amino add to form prodrugs of those compounds 
of formula I having a free amino group. 

2. A process according to claim 1 , characterized in that R 1 and W are each hydrogen and Y is cydopropyl or o.p-dif- | 
luorophenyl. 

3. A process according to claim 1 or 2, characterized in that A is CH or N, or A is carbon and is taken together with Y 
and the carbon and nitrogen to which A and Y are attached to form a six membered ring as follows: 
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N 



O. 




CH 3 



4. A process according to claims 1 , 2 or 3, characterized in that one or two of R 3 R 4 , R 5 , R 6 . R 7 , R 9 and R 25 are other 
than hydrogen. 

Claims lor the following Contracting State : GR 

1 . A process for preparing a compound of the formula 




or a pharmaceutically acceptable add addition salt thereof, wherein 

R 1 is hydrogen, a pharmaceutically acceptable cation, or (C-j-Cg) alkyl; 

Y, when taken independently, is ethyl, t-butyl, vinyl, cyclopropyl, 2-1luoroethyl, p-fluorophenyi, or o.p-difluor- 
ophenyl; 

W is hydrogen, fluoro, chloro, bromo, C r C 4 alkyl, C r C 4 alkoxy, amino or aminomethyl; 
A is CH, CF, CC1 , COCH3, C-CH 3 , C-CN or IM; or 

A is carbon and is taken together with Y and the carbon and nitrogen to which A and Y are attached to form 
a five or six membered ring which may contain oxygen or a double bond, and which may have attached thereto R 8 
which is methyl; 



wherein R 3 . R 4 . R 5 , R 6 , R 7 , R 9 and R 25 are each independently H. CH 3 , CH 2 NH2. CH2NHCH3.Gr Ch^NHC^Hs, and 
R 5 , R 6 , R 7 . and R 9 may also be independently be NH 2 . NHCH 3 or NHC2H5, provided that not more than three of 
R 3 , R 4 , R 5 , R 6 , R 7 , R 9 and R 25 are other than hydrogen and if three of these substitutes are not hydrogen, at least 



and R 2 is 




,4 
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one of them :o methyl; cr wherein R 1 ;s hydrogen or a phannaceuuuaiiy acceptable cation, Y is o.p^ifluofopnenyi, 
Wis H, A is N and R 2 is 



H,N 




and produgs of those compounds of formula I having free amino groups, these prodrugs comprising an amino acid 
residue or a polypeptide chain of two or more amino acid residues which are covalerrtty joined through peptide 
bonds, characterized by reacting a compound of the formula 



C0 2 R 




wherein, A, W and Y are as defined above, R 1 is hydrogen or (CVC^alkyl and X is a leaving group, with a com- 
pound of the formula I^H wherein R 2 is as defined above, and also includes the N-protected groups of Nhfe. 
CH 2 NH 2 , NHCHg, CHgNHCHj, NHC2H 5 and CH 2 NHC 2 H 5 , and, if desired, reacting with an acid to form a pharac- 
eutically acceptable acid addition salt, or, when R 1 is hydrogen, reacting with a base to form a compound wherein 
R 1 is a pharmaceutical^ acceptable cation, or reacting with an amino acid to form prodrugs of those compounds 
of formula I having a free amino group. 

A process according to claim 1 , characterized in that R 1 and W are each hydrogen and Y is cydopropyt or o,p-dif- | 
luorophenyl. 

A process according to claim 1 or 2, characterized in that A is CH or N. or A is carbon and is taken together with Y 
and the carbon and nitrogen to which A and Y are attached to form a six membered ring as follows: 




A process according to claims 1, 2 or 3, characterized in that one ore two of R 3 , R 4 , R 5 , R 6 , R 7 , R 9 and R 25 are 
other than hydrogen. 

A compound of formula: 
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5 
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PatentansprOche 

20 PatentansprOche fOr lolgende Vertragsstaaten : AT, BE, CH, DE, DK, FR, GB, IT, U, LU, NL, SE 

1 . Verbindung der Formel 



25 



$o 




35 

Oder ein pharmazeutisch annehmbares Saureaddfflonssalz davon, worin R 1 Wassarstoff, ein pharmazeutisch 
annehmbares Kation oder eine (C r C 6 )-Alkylgruppe ist; 

Y. wenn unabhangig, eine Ethyl-, t-Butyl-, Vinyh Cyclopropyl-, 2-FluorethyK p-Fluorphenyl- Oder o, p-Difluorphe- 
nylgruppe ist; 

40 W Wasserstoff, Fluor, Chlor, Brom, eine (C-rC^-Alkyl-, C-j-C^AIkoxy-, Amino- oder Aminomethylgruppe ist; 

A CH, CF, CCI, COCH3, C-CH 3 , C-CN Oder N ist oder A Kohlenstoff ist und zusammen mit Y und dem Kohlenstoff 
und dem Stickstoff, an die A und Y gebunden sind, einen 5- Oder 6-gliedrigen Ring bildet, der Sauerstoff oder eine 
Doppelbindung enthalten kann, und an den R 8 . das eine Methylgruppe ist. gebunden sein kann, und 
R 2 



50 



55 




worin R 3 , R 4 , R 5 , R 6 . R 7 . R 9 und R 25 unabhangig H, CH 3 . Chfe-NHg. CH2NHCH 3 oder ChfeNHCaHs bedeuten und 
R 5 , R 6 , R 7 und R 9 unabhangig auch NH 2 , NHCH 3 oder NHC2H 5 sein kdnnen, mit dem Vorbehatt, daG nicht mehr 
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tan rachl Wasserstoff and. mindestens einer von ihnen eine Melhylgnjppe isl; Oder worin Ri Wasserstoff herein 
pharmazeutisch annehmbares Kation 1st Y o,p-Difluorphenyl tot W H tat A N ist ZZtf Wasserstoff «•« e ' n 



ftN 



10 




ist. und Prodrugs derjenigen Verbindungen der Formel I. die treie Aminogruppen haben wobei diese Prodruos 



sind. 



20 



25 



30 



2. Verbindung nach Anspruch 1, dadurch gekennzeichnet, daB R 1 und W jewel Is Wasserstoff 

3. Verbindung nach Anspruch 1 oder 2. dadurch gekennzeichnet daB A CH Oder N ist Oder A Kohlenstoti ist und 




4. Verbindung nach Anspruch 3, dadurch gekennzeichnet, daB A N ist. 

35 5 " T^STJ^ ^ ^ ol 1 WS 4 ' dadUfCh *B ^ner cder zwei der Reste R* R 4 

» R". R , R , R 3 und R Z5 eine andere Bedeutung als Wasserstoff haben. 

6. Verbindung nach Anspruch 5, dadurch gekennzeichnet, daR einer der Reste R 3 , R< R 5 R 5 R 7 oder rVh nh. 
- nJste R3^ R SS er * ^ ^ andefer ^ ** R5, R ^ * " 

9. Pharmazeutfeche Zusammensetzung. umfassend eine Verbindung der Formel (I) nach einem der AnsorOche 1 bfe 

» d^r^sc^ es ~ 

65 11 ^"IT 9 e c- er V ^ ndun 9 der Formel <0 "a* «inem der AnsprQche 1 bis 8 Oder eines pharmazeutisch 
annehmoaren Saureadditicnssalzes davon zur Herstellung eines antibakteriellen Mittels. 

12. Verbindung der Formel 
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10 




15 



Patentanspruche fur foJgenden Vertragsstaat : ES 

20 1 . Verfahren zur Herstellung einer Verbindung der Forme! 

w 



25 



30 



Y 



35 



40 



Oder eines pharmazeutisch annehmbaren Saureadditionssalzes davon, worin 

R 1 Wasserstoff, ein pharmazeutisch annehmbares Kation oder eine (C r Ce)-Alkylgruppe 1st; 

Y, wenn unabhangig, eine Ethyl-, t-Butyh Vinyl-, Cyclopropyl-. 2-Fluorethy!-. p-Fluorphenyl- Oder o, p-Difluorphe- 

nylgruppe ist; 

W Wasserstoff. Fluor, Chlor. Brom, eine (C r C 4 )-Alkyl-, C^-C^AIkoxy-, Amino- oder Aminomethylgruppe ist; 
A CH, CR CCI, COCH 3 , C-CH 3 , C-CN oder N ist oder 

A Kbhlenstotf ist und zusammen mit Y und dem Kohlenstoff urtd dem Stickstoff, an die A und Y gebunden sind, 
einen 5- oder 6-gliedrigen Ring bildet, der Sauerstoff oder eine Doppelbindung enthalten kann, und an den R 8 , das 
eine Methylgruppe ist, gebunden sein kann, und 
R 2 



45 



50 




worin R 3 , R 4 , R 5 , R 6 , R 7 , R 9 und R 25 unabhangig H, CH 3 , CHg-NHg, CH2NHCH3 oder CH 2 NHC 2 H 5 bedeuten und 
55 R 5 , R 6 , R 7 und R 9 unabhangig auch NH 2 , NHCH3 Oder NHC2H5 sein kOnnen, mit dem VorbehaH, daB nicrrt mehr 
als 3 der Reste R 3 , R 4 , R 5 , R 6 , R 7 , R 9 und R 25 etwas anderes als Wasserstoff sind und wenn 3 dieser Substituen- 
ten nicht Wasserstoff sind, mindestens einer von ihnen eine Methylgruppe ist; oder worin R 1 Wasserstoff oder ein 
pharmazeutisch annehmbares Kation ist, Y o.p-DHIuorphenyl ist W H ist, A N ist und R 2 
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H,N 




to 



ist, und Prodrugs denenigen Verbindungen der Formel I, die Ireie Aminogruppen haben wobei diese Prodruos 
gekennzeichnet durch das Umsetzen einer Verbindung der Formel 




25 



30 



worm A W und Y wie oben definierl sind. R 1 Wfesserstoff Oder eine C r C 6 -Alkylgruppe ist und X eine Abaanos- 
gr^.stnjIe.nerVe^rKJungderFbfmelR^wori^ 

pen vt>n NHj. C^NH* NHCH 3 . CH^HCHa. N HC2 H 5 und C^NH^Hs einsSl und ^ot^ 

XSS^Z^ r ein R Pharma2eUtiSCh -"^eslaurSdd^onssa. zu 

f T ™ BaSe - um ® ne V6rbindun 9 * u worin R 1 ein pharmazeutisch annehmba- 
rSruppTzu fSST 6,ner Am ' n0SaUre UmSet21 ' um P ^rugsder Verbindungen der Forme. I mit einerfreien Ami- 



35 



" SCh ^ ruc ^ 1 - dadurch gekennzelchnel. daB R 1 und Wjeweils Wasserstoff sind und Y eine Cydo- 
propyl- oder o,p-Dif luorphenylgruppe ist. y 

Verfehren nach einem der AnsprQche 1 oder 2. dadurch gekennzeichnet, daB A CH oder N ist oder A Kohlenstoff 



40 



45 




» FT, R , R , R , r* und R*> eine andere Bedeutung als Wasserstoff hat/haben. 
PaientansprOch© fur folgenden Vertragsstaat : GR 
1. Verfahren zur Herstellung einer Verbindung der Formel 

55 
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w 



F. 



R 



A 



N 



.-I 



Y 



Oder eines pharmazeutisch annehmbaren Saureadditionssalzes davon, worin 

R 1 Wasserstoff, ein pharmazeutisch annehmbares Kation Oder eine (C r C s )-AJkylgruppe ist; 

Y p wenn unabhangig; eine Ethyl-, t-Butyl-, Vinyl-, Cyclopropyl-, 2-RuorethyI-, p-Fluorphenyl- oder o, p-Difluorphe- 

rtylgruppe ist; 

W Wasserstoff, Fluor, Chlor, Brom, eine (CpC^-Alky!-, d-Q-Alkoxy-, Amino- oder Aminomethylgruppe ist; 
A CH, CF, CCI, COCH 3 , C-CH 3 , C-CN oder N ist oder 

A Kohlenstoff ist und zusammen mit Y und dem Kohlenstoff und dem Stickstoff, an die A und Y gebunden sind, 
einen 5- oder 6-gliedrigen Ring bildet, der Sauerstoff oder eine Doppebindung enthalten kann, und an den R 8 , das 
eine Methyigruppe ist, gebunden sain kann, und 
R 2 



worin R 3 , R 4 , R 5 , R 8 . R 7 . R 9 und R 25 unabhangig H, CH 3 . CH2-NH2. CHsNHCHs oder CH 2 NHC2H 5 bedeuten und 
R 5 , R 6 , R 7 und R 9 unabhangig auch NH 2 , NHCH 3 oder NHC2H5 sein kdnnen, mit dem Vorbehalt, daB nicht mehr 
als 3 der Reste R 3 . R*. R 5 , R 6 , R 7 , R 9 und R 25 etwas anderes als Wasserstoff sind und wenn 3 dieeer Substituen- 
ten nicht Wasserstoff sind, mindestens einer von ihnen eine Methyigruppe ist; oder worin R 1 Wasserstoff oder ein 
pharmazeutisch annehmbares Kation ist, Y o,p-Difluorphenyl ist, W H ist, A N ist und R 2 



ist, und Prodrugs derjenigen Verbindungen der Formel I, die freie Aminogruppen haben, wobei diese Prodrugs 
einen Aminosaurerest oder eine Polypeplidkette mit zwei oder mehreren Aminosaureresten umfassen, die kovalent 
durch Peptidbindungen verbunden sind, 

gekennzeichnet durch das Umsetzen einer Verbindung der Formel 
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0 




...II 



worin A, W und Y wie oben definiert sind. R 1 Wasserstoff oder eine CrCVAIkyfgruppe 1st und X eine Abaanos 
gruppe istmrt einer Ve-bindung der Formel R Z H, worin R 2 wie oben definiert ist Zn£5S£Z5£ 

Umsetzenmrt erner Saure. um ein pharmazeutisch annehmbares StureaddHionssalz zu bilden oderWfS 
Wasserstoff * Umsetzen mit einer Base, um eine Verbindung zu bifden. worin ein ptam2S55J^ 



Verfarren nach Anspruch 1. dadurch gekennzeictinel. daB R 1 und W jeweils Wasserstoff sind und Y eine Cvclo- 
propyl- oder o.p-Dif luorphenylgruppe ist. y 

Verfahren nach einem der AnsprQche 1 oder 2. dadurch gekennzeichnet, daB A CH Oder N ist oder A Kbhlenstoff 




R^T Re"?? S n i ,^ Chen 1 ± 0d6 I 3 : dadUrch W"""**"* <** «™ Oder zwei der SubstHuenten R 3 , 
™, R , R , R , R" und R^ eine anctere Bedeutung als Wasserstoff hat/haben. 

Veibindung der Formel 
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Revendlcatlons 

Revendications pour les Etats contractants suivants : AT, BE, CH, DE, DK, FR, GB, IT, U, LU, NL, SE 

1 . Compost de formule 

w 




CO2R 1 



ou un sel d'additkxi d'acide pharmaceuliquement acceptable de ce compose, formule dans laquelle 

R 1 est de I'hydrogene, un cation pharmaceuliquement acceptable ou un groupe alkyle en & C 6 ; 

Y, considere independamment, represente un groupe ethyle, tertio-butyle, vinyle, cyctopropyle, 2-fluore- 

thyle, p-fluorophenyle ou o,p-dif luorophenyle ; 

W est de I'hydrogene, un radical fluoro, chloro. bromo, alkyle en C t d C*. alkoxy en C-j & C 4 , amino ou ami- 

nomethyle ; 

A est un groupe CH, CF, CCI, COCH 3 , C-CH 3 , C-CN ou N ; ou bien 

A est un atome de carbone el forme, conjointement avec Y et avec le caibone et I'azote auxquels A et Y sont 
attaches, un noyau pentagonal ou hexagonal qui peut contenirde I'oxygene ou una double liaison, et auquel peut 
etre attache un groupe R 8 qui est un groupe methyle ; 
et R 2 est un groupe 




dans lequel R 3 , R 4 , R 5 , R 6 , R 7 , R 9 et R 25 representent chacun, independamment H, un groupe CH3, CH2NH2, 
CH2NHCH3 ou CH 2 NHC2H 5l et R 5 , R 6 , R 7 et R 9 peuvent aussi representor independamment un groupe NH 2 , 
NHCH3 ou NHCaHs, sous reserve que pas plus de trois de R 3 , R 4 , R 5 , R 6 , R 7 , R 9 et R 25 representent autre chose 
que de I'hydrogene et que. si trois de ces substituants ne representent pas de I'hydrogene, au moins Tun cTentre 
eux represente un groupe methyle ; ou bien R 1 est de I'hydrogene ou un cation pharmaceutiquement acceptable, 
Y est un groupe o,p-difluorophenyle, W represente H, A represente N et R 2 est un groupe 



H,N 




et des promedicaments de ces composes de formule I portant des groupes amino libres, ces promedicaments 
comprenant un residu d'aminoacide ou une chatne polypeptidique de deux ou plus de deux residus d'aminoacides 
qui sont lies par covalence par llntermediaire de liaisons peptidiques. 
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2. Compose soivam ia revocation 1 . caracterise en ce que R< el W representent ehacun de rhydrogene. 

1 SSSfrS?? ' a T"^" 1 00 *' Cara6tMrt e " Ce que A reprfeen1e CH ou N, ou bien A est du carbone 




4. 
5. 



Conpos6 suivant la revendication 3. caracterise en ce que A est un atome d'azote. 

%H!?V2S '' Un ! quelConque d6S ^kations 1 a 4. caracterise en ce qu'un ou deux de R 2 , R 3 r 4 r* 
tr, R.RetR repr6senterrt autre chose que de Inydrogfene. 

6. Compose suivant la revendication 5, caract6ris6 en ce que run de R 3 , R 4 , R* r6 r 7 ou r 9 m c 
ou CH.NHCH 3 et. a ft, lacuKati.. un autre de R 3 , R 4 , R* R 6 , R 7 ou R 9 est un aw^: « mSS229 

£ un gr U o^^ OUP6 ™ * * ^ "** * * " " " ? " * * * «* 

7 ' ST? V5SS! 6 ; caract6ris6 que *• R7ouR9esi un «*» * ■ *» 

un a© rr% h , R t Fr, R* ou R^ est un groupe methyfe. 

*■ ^Tft^! ? ' ^f^ 6 60 06 que R? 651 un flroupe a,rtno * * 1itre facufcrtif, l un de 

n . k . H , Fr ou R" est un groupe methyle. 

9. Composition pharmaceutique, comprenant un compose de formule (I) suivant rune queteonque des revendfcations 

11 * S«h^,Tr S " d l formU,e (l) SUiVant l%Jne < ue,C0l ^ e d <* indications 1 a 8 ou d'un seJ d'addition 
dac.de pharmaceubquement acceptable de ce compose pour la production d'un agent antbact6rien. 

12. Compose defbrmule: 



42 



EP0413 455B1 




Revendications pour I'Etat contractant suivant : ES 

1 . Proc6d6 de produclion d'un compost de formule 




ou d'un set d'addition d'acide pharmaceutiquement acceptable de ce compost, formule dans laquelle 

R 1 est de iTiydrogene, un cation pharmaceutiquement acceptable ou un groupe alkyle en Ct a C 6 ; 

Y, consider^ indGpendamment, reprfeente un groupe 6thyle, tertio-butyle, vinyle, cyclopropyle, 2-fluore- 

thyle, p-fluorophSnyle ou o.p-dif luorophenyte ; 

W estde I'hydrogene, un radical fluoro, chloro, bromo, alkyle enC^a C^, alkoxy en a C 4 , amino ou ami- 

nomethyle ; 

A est un groupe CH, CF, CCI, COCH 3 , C-CH 3 , C-CN ou N ; ou bien 

A est un atom© de carbone et forme, conjointement avec Y et avec le carbone et I'azote auxquels A et Y sont 
attaches, un noyau pentagonal ou hexagonal qui peut contenirde l'oxyg£ne ou une double liaison, et auquel peut 
Stre attach^ un groupe R 8 qui est un groupe methyle ; 
et R 2 est un groupe 




dans lequel R 3 , R 4 , R 5 , R 6 , R 7 R 9 et R 25 represented chacun, ind6pendamment H, un groupe CH3, CH 2 NH 2 , 
CH2NHCH3 ou CH2NHC2H5, et R 5 , R 6 . R 7 et R 9 peuvent aussi representor inctependamment un groupe NH 2 . 
NHCH3 ou NHC2H5, sous reserve que pas plus de trois de R 3 R 4 , R 5 , R 5 , R 7 , R 9 et R 25 represented autre chose 
que de I'hydrogene et que, si trots de ces substituants ne represent em pas de I'hydrogene, au moins Tun cfentre 
eux repr6sente un groupe m6thyle ; ou bien R 1 est de mydrogfcne ou un cation pharmaceutiquement acceptable, 
Y est un groupe Opp-difluorophSnyle, W reprSsente H, A repr£sente N et R 2 est un groupe 
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et des promedicaments de ces composes de for mule I portant des group es amino libres, ces promedicaments 
comprenarrt un residu d'aminoacide ou une chaine polypeptidique de deux ou plus de deux residus cfaminoacides 
qui sont lies par covalence par llntermediaire de liaisons peptidiques, caracterise par la reaction dim compost de 
formula 




dans laquelle A, W et Y sont tels que def inis d-dessus, R 1 est de I'hydrogene ou un groupe alkyle en C t k C 6 et X 
est un groupe partant, avec un compose de for mule Fr^H dans laquelle R 2 est tel que defini ci-dessus. y compris 
les groupes N-prot§ges de NHg, CH 2 NH2. NHCH 3 , CH2NHCH3, NHCzH 5 et CHgNHCsH^ et, le cas $cheant, la 
reaction avec un acide pour former un sel d'adcfition d'acide pharmaceutiquement acceptable ou bien, lorsque R 1 
est de I'hydrogene, la reaction avec une base pour former un compose" dans lequel R 1 est un cation pharmaceurj- 
quemertt acceptable, ou la reaction avec un aminoacide pour former des promedicaments des composes de for- 
mule I portant un groupe amino libre. 



2. Proc6de suivant la revendication 1 , caracterise en ce que R 1 et W repr6sentertt chacun de I'hydrogene et Y est un I 
groupe cyclopropyle ou o,p-drfluorophenyl a 

3. Procede suivant la revendication 1 ou 2, caracterise en ce que A represente CH ou N, ou bien A est du carbone et 
forme, conjointement avec Y et avec le carbone et I'azote auxquels A et Y sont attaches, un noyau hexagonal de 
formule survante : 




4. Procid§ suivant la revendication 1 , 2 ou 3, caracterise en ce qu'un ou deuxde R 3 , R 4 , R 5 , R 6 , R 7 , R 9 et R 25 repre- 
sentent autre chose que de I'hydrogene. 
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Revendications pour I'Etat contractant suivant : GR 

1 . Procede de production d'un compose de formule 




ou d'un sel d'addition d'acide pharmaceutiquemerrt acceptable de ce compost, formule dans laquelle 

R 1 est de Itiydrogene, un cation pharmaceutiquement acceptable ou un groupe alkyle en h C 6 ; 

Y, consid6r6 indSpendamment, repr6sente un groupe Gthyle, tertio-bulyle, vinyle, cyclopropyle, 2-fluor6- 

thyle, p-fluorophenyle ou o,p-difluoropheny1e ; 

W est de I'hydrog&ne, un radical f luoro. chbro. bromo, alkyle en Cj & C 4 , alkoxy en a C 4 . amino ou amJ- 

nom6thyle ; 

A est un groupe CH, CR CCI, COCH 3 , C-CH 3 , C-CN ou N ; ou bien 

A est un atome de carbone et forme, conjoirrtement avec Y et avec le carbone et I'azote auxquels A et Y sont 
attaches, un noyau pentagonal ou hexagonal qui peut contenir de loxygene ou une double liaison, et auquel peut 
dtre attach^ un groupe R 8 qui est un groupe m6thyle ; 
et R 2 est un groupe 




dans lequel R 3 , R 4 . R 5 , R 6 . R 7 . R 9 et R 25 repr6sentent chacun, ind^pendamment, H. un groupe CH3, ChfeNHg, 
CH2NHCH3 ou CH 2 NHC 2 H 5 , et R 5 , R 6 , R 7 et R 9 peuvent aussi reprSsenter independamment un groupe NH 2 , 
NHCH3 ou NHC2H5, sous reserve que pas plus de trois de R 3 , R 4 , R 5 , R 6 , R 7 , R 9 et R 25 represented autre chose 
que de fhydrog^ne et que, si trois de ces substituants ne reprGserrtent pas de Itydrog&ne, au moins run cTentre 
eux represerrte un groupe m&hyle ; ou bien R 1 est de Itiydrogene ou un cation pharmaceutiquement acceptable, 
Y est un groupe o.p-difluoroph6nyle, W repr6sente H, A reprSsente N et R 2 est un groupe 




et des promSdicaments de ces composes de formule I porta nt des groupes amino libres, ces prom6dicaments 
comprenant un r£sidu d'aminoacide ou une chaTne polypeptidique de deux ou plus de deux r6sidus d'aminoacides 
qui sont H6s par covalence par rintermSdiaire de liaisons peptidiques, caract6ris£ par la reaction d'un compost de 
formule 
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W 



F. 



C0 2 R 1 



X 



A' 



N 



Y 



dans laquelle A, W et Y sont tels que definis ci-dessus, R 1 est de I'hydrogene ou un groupe alkyle en C 1 a C 6 el X 
est un groupe partant, avec un compost de for mule F^H dans laquelle R 2 est te» que d#ini ci-dessus, y compris 
les groupes N-proteg6s de NH 2 . CH 2 NH 2 , NHCH 3 , CH 2 NHCH 3 , NHC2H5 et CH2NHC2H5 et. le cas fccheant, la 
reaction avec un acide pour former un sel d'addition d'acide pharmaceutiquement acceptable ou bien, lorsque R 1 
est de l*hydrog6ne. la reaction avec une base pour former un compose dans lequel R 1 est un cation pharmaceuti- 
quement acceptable, ou la reaction avec un aminoacide pour former des promedicaments des composes de for- 
mula I portant un groupe amino libra. 

Proc6de suh/ant la revendication 1 . caracterise en ce que R 1 et W repr6serrterrt chacun de I'hydrogene et Y est un | 
groupe cyclopropyle ou o,p-drfluorophenyle. 

Proc6de suivant la revendication 1 ou 2. caracterise en ce que A repr6sente CN ou N, ou bien A est du carbone et 
forme, conjointemerrt avec Y et avec le carbone et I'azote auxquels A et Y sont attaches, un noyau hexagonal de 
formule suivante : 



Proc6de suivant la revendication 1 , 2 ou 3, caracterise en ce qu'un ou deux de R 3 , R 4 , R 5 , R 6 . R 7 . R 9 et R 25 repre- 
sented autre chose que de I'hydrogene. 

Compose de formule : 





46 



